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deformed and radially expanded to form a mono-diameter casing. Other embodiments are described in 
which the initial expansion is done by an inflatable bladder or a roller expansion device. 
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MONO-DIAMETER WELLBORE CASING 
Cross Reference To Related Applications 
This application is related to the following co-pending applications: (1) U-S. 
patent application serial no. 09/454,139, attorney docket no. 25791.03.02, filed on 
5 12/3/1999. (2) U.S. patent application serial no. 09/510,913, attorney docket no. 
25791.7.02, filed on 2/23/2000. (3) U.S. patent application serial no. 09/502,350. 
attorney docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent ^plication serial 
no. 09/440.338, attorney docket no. 25791 .9.02, filed on 1 1/15/1999, (5) US. patent 
application serial no. 09/523,460, attorney docket no. 25791.1 1.02, filed on 

10 3/10/2000, (6) U.S. patent application serial no. 09/5 12,895, attorney docket no. 
25791.12.02, filed on 2/24/2000, (7) U.S. patent application serial no. 09/51 1,941, 
attorney docket no. 25791.16.02, filed on 2/24/2000, (8) U.S, patent application 
serial no. 09/588,946, attorney dodcet no. 25791.17.02, filed on 6/7/2000, (9) U.S. 
patent application serial ho. 09/559,122, attorney docket no. 2579 1.23.02, filed on 

16 4/26/2000, (10) per patent application serial no. PCT/USOO/1 8635, attorney docket 
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20 attorney docket no. 25791.34, filed on 10/12/1999, (14) US. provisional patent 

application serial no. 60/159,039, attorney docket no. 25791.36, filed on 10/12/1999, 
(15) U.S. provisional patent application serial no. 60/159,033, attorney docket no. 
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60/237,334, filed on October 2, 2000, Applicant? mcorporate by reference the 
. disclosures of these applications. j 

Background of the Invention 
This invention relates generally to wellbore casings, and in particular to j 
5 wellbore casings that are formed using expandable tubing. , 
Conventionallyj when a wellbore is created, a number of casings are installed « 
in the borehole to prevent collapse of the borehole wall and to prevent undesired 
outflow of drilling fluid into the formation or inflow of fluid from the formation into ' 
the.borehole. The borehole is drilled in intervals whereby a casing which is to be 
1 0 installed in a lower borehole integral is lowered through a previously installed 

casing of an upper borehole interval. As a consequence of this procedure the casing ; 
of the lower interval is of smaller diametw than the casing of the i^Dper interval. 
Thus, the casings are in a nested arrangement with casing diameters decreasing in ■ 
' downward direction. Cement annuli are provided between the outer surfaces of the 
15 . casings and the borehole wall to seal the casings from the borehole wall. Asa j 
consequence of this nested arrangement a relatively large borehole diameter is 
required at the upper part of fte wellbore. Such a large borehole diameter involves i 
increased costs due to heavy casing handling equipment, large drill bits and 
increased volumes ofdrilling fluid and drill cuttings. Moreover, increased drilling ! 
20 rig time is involved due to requir^ cement puniping, cement hardening, required j 
equipment changes due to large variations in hole diameters drilled in the course of ' 
the well, and the large volume of cuttings drilled and removed j 

The present invCTtion is directed to overcoming one or more of the 
limitations of the existing procedures for forming wellbores. j 
25 Summary of the Invention 

According to one aspect of die invention, an apparatus for plastically { 
defcnming and radially e3q>andmg a tubular member is provided that includes means 
for plastically defining and radially expanding a first portion of the tubular { 
member to a first outside diameter, and ineans for plastically deforming and radially ^ 
30 expanding a second porticHiofthe tubular member to a second outside diameter. 1 

2 
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According to another aspect of the present invention, an apparatus for 
plastically deforming and radially expanding a tubular member is provided that 
includes a tubular siq>port member including a first fluid passage, an expansion cone 
. coq)led to the tubular support member having a second fluid passage fluidicly 
5 coq)led to the first fluid passage and an outer conical surface^ a removable annular 
conical sleeve coupled to the outer conical surface of the expansion cone, an annular 
expansion cone launcher coiq)Ied to the conical sleeve and a lower portion of the 
tubular member, and a shoe having a valveable passage coupled to 9n end of the 
expansion cone launcher. Aco^ding to another aspect of the present invention, a 

10 method of plastically deforming and radially expanding a mbular member is 

provided that includes plastically deforming and radially, expanding a portion of the 
tubular member to a first outside diameter, and plastically deforming and radially 
expanding another portion of the tubular member to a second outside diameto*. 
According to another aspect of the present invention^ a.niethod of coupling a 

1 5 first tubular member to a second tubular membCT is provided that includes plastically 
deforming and radially expanding a first portion of the first tubular member to a first 
outside diameter, plastically deforming and radially expanding another portion of 
the first tubular member to a second outside diameter, positioning the second tubular 
member inside the first tubular member in overlapping relation to the first portion of 

20 the first tubular member, plastically deforming and radially expanding the second 
tubular member to a third outside diameter, and plastically deforming and radially 
expanding the second tubular member to a fourth outside diameter. The inside 
diameters of the first and second tubular members after the plastic deformations and 
radial expansions are substantially equal. 

25 According to another aspect of the preset invention, an apparatus for coq)ling 

a first tubular member to a second tubular member is provided that includes means 
for plastically deforming and radially expanding a first portion of the first tubular 
member to a first outside diameter, means for plastically deforming and radially 
expanding another portion of the first tubular member to a second outside diameter, 

30 means for positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member, means for 
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plastically defonning and radially expanding the second tubular member to a third 
outside diameter, and means for plastically deforming and radially expanding the 
second tubular member to a fourth outside diameter. The inside diameters of the 
first and second tubular members after tiie plastic deformations and radial 
5 expansions arc substantially equal. 

According to, another aspect of the present invention, an apparatus for 
forming a wellbore casing within a wellbore is provided that includes means for 
supporting a tubular member within the wellbore, means for plastically deforming . 
and radially expanding a first portion of the tubular member to a first outside 

10 diameter, and means for plastically deforming and radially expanding a second 
portion of the tubular member to a second outside diameter. 

According to another aspect of the present invention, an apparatus for 
forming a wellbore casing within a wellbore is provided that includes a tubular 
support member including a first fluid passage, an expansion cone coupled to the 

1 5 tubular support member having a second fluid passage fluidicly coupled to tiie first 
fluid passage and an outer conical sur&ce, a removable annular conical sleeve 
coupled to the outer conical surface of the expansion cone, an annular expansion 
cone launcher coi^>led to the conical sleeve and a lower portion of the tubular 
member, and a shoe having a valveable passage coupled to an end of the expansion 

20 cone launcher. 

According to another aspect of the present invention, a method of forming a 
wellbore casing within a wellbore is provided that includes supporting a tubular 
member within a wellbore, plastically deforming and ladiaUy expanding a pcnrtion of 
the tubular member to a first outside diameter, and plastically deforming and 
. 25 radially expanding another p<^on of the tubular menibCT to a second outside 
diamet^. 

According to another aspect of the present invention, a method of forming a 
' mono-diameter wellbore casing within a wellbore is provided tiiat includes 
supporting a firet tubular member within the wellbore, plastically defonning and 
30 radially expanding a first portion of the first tubular member to a first outside 

diameter, plastically defonning and radially expanding another portion of the first 
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tubular, member to a second outside diamet^, positioning the second tubular 
member inside the first tubular member in overlapping relation to the first portion of 
the first tubular member, plastically deforming and radially expanding the second 
tubular member to a third outside diameter, and plastically deforming and i^ially 
5 expanding the second tubular member to a fourth outside diameter. The inside 
diameters of the first and second tubular members after the plastic deformations and 
radial expansions are substantially equal. 

According to another aspect of the present invention, an ^aratus for coupling 
a first tubular member to a second tubular member is provided fliat includes means 

10 for plastically deforming and radially expanding a first portion of the first tubular 
member to a first outside diameter, means for plastically deforming and radially 
expanding another portion of the first tubular member to a second outside diameter, 
means for positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member, means for 

1 5 plastically deforming and radially expanding the second tubular member to a third 
outside diameter, and means for plastically deforming and radially expanding the 
second tubular member to a fourth outside diameter. The inside diameters of the 
first and second tubular members after the plastic deformations and radial 
' expansions are substantially equal, 

20 According to another aspect of the present invention, an apparatus for 

plastically deforming and radially expanding a tubular member is provided that 
includes means for providing a lipped portion in a portion of die mbular member, 
and means for plastically deforming and radially expanding another portion of the 
tubular member. 

25 According to another aspcict of the present invention, an i^aratus for 

plastically deforming and radially expanding a tubular member is provided that 
includes a tubular support member including a first fluid passage, an expansion cone 
coq)Ied to the tubular support member having a second fluid passage fluidicly 
coi^led to the first fluid passage and an outer conical surface, an annular expansion 

30 cone launcher including: a first annular portion coupled to a lower portion of the 
tubular member, a second annular portion coi^)led to the first annular portion that 
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mates with the outer conical surfece of the expansion cone, a third annular portion 
coupled to the second annular portion having a first outside diameter, and a fourth • 
annular portion coupled to the third annular portion having a second outside 
diameter, wherein the second outside diameter is less than the first outside diameter, 
and a shoe having a valveable passage coupled to fourth annular portion of the 
expansion cone launcher. 

According to another aspect of the present invention, a method of plastically 
deforming and radially expanding a tubular member is provided that includes 
providing a lipped portion in a portion of the tubular member, and plastically 
deforming and radially expanding another portion of the tubular member. 

According to another aspect of the present invention, a method of coupling a 
first tubular member to a second tubular member is provided that includes providing 
a lipped portion in a portion of the first tubular member, plastically deforming and 
radially expanding another portion of the first tubular member, positioning the 
second tubular meiiiber inside the first tubular member in overlapping relation to the . 
lipped portion of the first tubular member, and plastically deforming and radially 
expanding the second tubular member. The inside diameters of the first and second 
tubular members after the plastic deformations and radial expansions are 
substantially equal. . 

According to another aspect of the present invention, an apparatus for 
coupling a first tubular member to a second tubiilar member is provided that 
includes means for providing a lipped m the first tubular meniber, means for 
plastically deforming and radially expanding another portion of the first tubular 
member, means for positioning the second tubular member inside die first tubular 
member in overlapping relation to Ae lipped portion of the first tubular member, and 
means for plastically deforming and radially expanding the second tubular meniber. 
The inside diameters of the fiirst and second tubular members after the plastic 
deformations and radial expan^ons are substantially equal. 

According.to another aspect of fee present invention, an apparatus for 
forming a wellbore casing withiii a wellbore is provided that includes means for 
supporting a tubular member within tiie wellbore, means for providing a lii^ed 



portion in the tubular member, and means for plastically deforming and radially 
expanding anotiier portion of the tubular member to a second out$ide diameter. 

According to another aspect of the present invention, an apparatus for 
forming a wellbore casing within a wellbore is provided that includes a tubular 
6 support member including a first fluid passage, an expansion cone coiqjled to the 
tubular st^port member having a second fluid passage fluidicly coupled to the firet 
fluid passage and an outer conical surface, an annular expansion cone launcher 
including: a first annular portion coupled to a lower portion of the tubular member, a 
second annular portion coupled to the first annular portion that mates with the outer 
10 conical surface of the expansion cone, a third annjJar portion coupled to the second 
annular portion having a first outside diameter, and a fourth annular portion coupled 
to the third annular portion having a second outside diameter, wherein the second 
outside diameter is less than fte first outside diameter, and a shoe having a valveable 
passage coupled to fourdi annular portion of the expansion cone launcher. 
15 According to another aspect of the present invention, a method of forining a 

wellbore casing in a wellbore is provided that mcludes supporting a tubular member 
within the wellbore, providing a lipped portion in a portion of the tubular member, 
and plastically deforming and radially expanding another portion of the tubular 
member. 

20 According to another aspect of the present invention, a method of forming a 

mono-diameter wellbore casing within a wellbore is provided that includes 
supporting a first tubular member within the wellbore, providing a lipped portion in 
a portion of the first tubular member, plastically deforming and radially expanding 
another portion of die first tubular member, positioning the second tubular member 

25 inside the first tubular member in overtyping relation to the lipped portion of the 
first tubular member, and plastically deforming and radially expanding the second 
tubular member. The inside diameters of the first and second tubular members after 
the plastic deformations and radial expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for 

30 forming a mono-diameter wellbore casing within a wellbore is provided that 
includes means for providing a lipped in the first tubular member, means for 
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plastically deforming and radially expanding another portion of the first tubular 
member, means for positioning the second tubular member inside the first tubular 
member in overlapping relation to the lipped portion of the first tubular member, and 
means for plastically deforming and radially expanding the second tubular member. 
The inside diameters of the first and second tubular members after the plastic 
deformations and radial expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for 
plastically deforming and radially expanding a tubular member is provided that 
includejs means for plastically deforming and radially expanding a first end of the 
tubular member, and means for plastically deforming and radially expanding a 
second end of the tubular member. 

According to anodier aspect of the present invention, an apparatus for 
plastically deforming and radially expanding a tubular member is provided that 
includes a tubular siqiport member including a first passage, an expansion cone 
coupled to the tubular siq)port having a second passage fluidicly coupled to the first 
passage and an outer conical surface, an annular expansion cone launcher movably - 
coupled to outer conical surfece of the expansion cone, an expandable tubular 
member coupled to an end of the annular expansion cone launcher, a shoe coupled 
. to another end of flie annular expansion cone launcher having a valveable fluid 
passage^ and another annular expansion cone movably coupled to. the tubular support 
member. The annular expansion cones are positioned in opposite orientations. 

According to another aspect of the present invention, a me&od of plastically 
deforming and radially expanding a tubular member is provided that includes 
plastically deforming and radially expanding a first end of the tubular member, and 
plastically deforming and radially expanding a second md of tiie tubular member. 

According to another aspect of the present invention, a method of coq>ling a 
first tubular member to a second tubular member is provided that includes 
positioning the second tubular member inside the first tubular member in an 
overlapping relationship, plastically deformmg and radially expanding the end of the 
second tubular member that overlaps with the first tubular member, and plastically 
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defonning and radially expanding tfie remaining portion of the second tubular 
member. 

According to another aspect of the present invention, an apparatus for 
coupling a first tubular member to a second tubular member is provided that 
includes means for positioning Ae second tubular member inside the first tubular 
member in an overlappmg relationship, means for plastically deforming and radially 
expanding the end of the second tubular member that overlaps with the first tubular 
member, and means for plastically deforming and radially expanding the remaining 
portion of the second tubular member. 

According to another aspect of the present invention, an apparatus for 
forming a wellbore casing within a wellbore is provided that includes means for 
supporting a tubular member within the wellbore, means for plastically deforming 
and radially expanding a first end of the tubular member, and means for plastically 
deforming and radially expanding a second end of the tubular member. 

According to another aspect of the present invention, an apparatus for 
forming a wellbore casing within a wellbore is provided that includes a tubular 
support member including a first passage, an expansion cone coupled to the tubular 
support having a second passage fluidicly coupled to the first passage and an outer 
conical surface, an annular expansion cone launcher movably coupled to outer 
conical surface of the expansion cone, an expandable tubular member coupled to an 
end of the aimular expansion cone launcher, a shoe coupled to another end of the 
annular expansion cone launcher having a valveable fluid passage, and anothei* 
annular expansion cone movably coupled to the tubular siq>port member. The 
annular expansion cones are positioned in opposite orientations. 

According to another aspect of the present invention, a method of forming a 
wellbore casing within a wellbore is provided that includes plastically deforming 
and radially expanding a first end of the tubular memb^, and plastically deforming 
and radially expanding a second end of the tubular member. 

According to another aspect of the present invention, a method of forming a 
wellbore casing within a wellbore is provided that includes plastically deforming 
and radially expanding a first tubular memb^ within the weUbore, positioning a 



second tubular member inside the first tubular, member in an overlapping 
relationship, plastically deforming and radially expanding the end of the second 
tubular member that overlaps with the first tubular member, "and plastically 
defomiing and radially expanding the remaining portion of the second tubular 
5 member. 

According to another aspect of the present invention, an apparatus for 
fohning a wellbore casing within a wcllbore is provided that includes means for 
plastically deforming and radially expanding a first tubular member within the 
wellbore, means for positioning the second tubular member inside the first tubular 

1 0 member m an overlapping relationship, means for plastically deforming and radially 
expanding &e end of the second tubular member that overlaps wifli the first tubular 
member, and means for plastically deforming and radially expanding the remaining 
portion of the second tubular member. 

According to another aspect of the present invention, an apparatus for 

16 bridging an axial gap between opposing pairs of wellbore casmg within a wellbore is 
provided fbat includes means for supporting a tubular member in overlapping 
refation to the opposing ends of the wellbore casings, means for plastically 
defornung and radially expanding the tubular member, and 
means iFor plastically defonming and radially e^qianding the tubular member and the 

20 opposing ends of the wellbore casings. 

According to another aspect of the present invention, a method of bridging an 
axial gap between opposing pairs of wellbore casing within a wellbore is provided 
that includes supportmg a tubular member in overlapping relation to the opposm 
ends of the wellbore casings, plastically deforming and radially expanding the 

25 tubular member, and plastically defcnining and radiaUy expanding the tubular 
member and the opposing ends of the wellbore casings. 

According to another aspect of the present invention, a mediod of forming a 
structure having desired strength characteristics is provided that includes providing a 
first tubular member, and plastically deforming and radially expanding additional 

30 tubular members onto the interior surface of the first tubular member until the 
desired strength characteristics are achieved. 
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According to another aspect of the present invention, a method of forming a 
wellbore casing within a wellbore having desired strength characteristics is provided 
that includes plastically deforming and radially expanding a first tubular member 
• within the wellbore, and plastically deforaMUg and radially expanding additional 
5 tubular members onto flie interior surface of the first tubular member until die 
desired strength characteristics are achieved. 

According to another aspect of die present invention, a metfiod of couplmg a 
first tubular member to a second tubular member, the first tubular member having an 
original outside diameter ODo and an original wall thickness to, is provided that 
10 includes plastically defom^ng and radially expanding a first portion of the first 
tubular member to a first outside diameter, plastically deforming and radially 
expanding another portion of the first tubular member to a second outside diameter, 
positioning the second tubular member inside the first tubular member in 
* overlapping relation to the first portion of the first tubular member, plastically 
15 . deforming and radially expanding the second tubular member to a fliird outside 
diameter, and plasticaUy deforming and radially expanding the second tubular 
member to a fourth outside diameter. The inside diameters of the first and second 
tubular members after the plastic defomiations and radial expansions are 
substantially equal, and the ratio of the original outside diameter ODq of the -first 
20 tubular member to the original wall thickness to of the first tubular member is greater 
than or equal to 16, 

According to another aspect of the present invention, a method of forming a 
mono-diameter wellbore casing is provided that includes positioning a first tubular 
member within a wellbore, the first tubular member having an original outside 
25 diameter ODq and an original wall thickness to, plastically deforming and radially 
expanding a first portion of the first tubular member to a first outside diameter, 
plastically deforming and radially expanding another portion of the first tubular 
member to a second-outside diameter, positioning the second tubular member inside 
the first tubular number in overlapping relation to the first portion of the first 
30 tubular member, plasfically deforming and radially expanding the second tubular 
member to a third outside diameter, and plastically deforming and radially 
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expanding the second tubular member to a fourth outside diameter. The inside 
diameters of the first and second tubular members after the plastic deformations and 
radial expansions arc substantially equal, and the ratio of the original outside 
diameter ODo of the first tubular member to the original wall thickness to of the first 
5 tubular member is greater than or equal to 1 6. 

According to another aspect of the present invention, an qjparatus is 
* provided that includes a plastically deformed and radially expanded tubular member 
having a first portion having a first outside diameter and a remaining portion having 
a second outside diameter. The ratio of the original outside diameter ODo of the first 
10 tubular member to flie original wall thickness to of the first tubular member is greater 
than or equal to 16. 

According to.another aspect of the present invention, an apparatus is 
provided that includes a plastically deformed.and radiaUy expanded first tubular 
member havmg a first portion having ^ first outside diameter and a remaining 
15 portion having a second outside diameter, and a plastically defonned and radially 
expanded second tubular menaber coiq)lcd to die first portion of flie first tubular 
member. The ratio of the original outside diameter ODo'of the first tubular member 
to the original wall thickness t© of the first tubular member is greats than or equal to 
16. 

20 According to another aspect ofthe present invention, a wellbore casing 

fonned in a wellbore is provided that includes a plastically deformed and radially 
expanded first tubular member having a first portion having a first outside diameter 
and a remaining portion having a second outside diameter, and a plastically 
deformed and radially expanded second tubular member coiq)ied to the first portion 

25 of the first tubalar membo". The ratio of the original outside dianwter ODo of the 
first tubular member to the original wall thickness to of flie first tubular member is 
greater tiian or equal to 16. 

According to another aspect of the present invention, an aj^aratus is 
provided that includes a plastically deformed and radially expanded tubular member. 

30 The ratio of the original outside diameter ODo of the tubular member to the original 
wall thicfaiess t© of the tubular member is greater than or equal to 16. 
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Brief Description of the Drawings 
Fig. la is a cross sectional illustration of a wellbore including a pireexisting 
wellbore casing. 

Fig. lb is a cross-sectional illustration of the placement of an embodiment of 
an apparatus for radially expanding a tubular member into the wellbore of Fig, la. 

Fig. Ic is a cross-sectional illustration of the injection of fluidic materials 
through the apparatus of Fig. lb. 

Fig. Id is a cross-sectional illustration of the injecticHi of hardenable ifluidic 
•sealing materials through the apparatus of Fig. 1 c. 

Fig. le is a cross-sectional illustration of the pressurization of the region 
below the expansion cone of the apparatus of Fig. Id. 

Fig. If is a cross-sectional Olustration of the continued pressurization of the 
region below the expansion cone of the apparatus of Fig. 1 e. 

Fig. Ig is a crbss-sectibnal illustration of the continued pressurization of the 
region below the expansion cone of the apparatus of Fig. If following the removal 
of the over-expansion sleeve. 

Fig. Ih is a cross-sectional illustration of the completion of the radial 
expansion of the expandable tubular member of the apparatus of Fig. 1 g. 

Fig. li is a cross-sectional illustration of the drilling out of a new section of 
Ihe wellbore below the apparatus of Fig, Ih. 

Fig. 1 j is a cross-sectional illustration of the radial expansion of another 
eiqmdable tubular member that overlaps with the apparatus of Fig. 1 i. 

Fig. 1 k is a cross-sectional illustration of the secondary radial expansion of 
the otiber expandable tubular member of the apparatus of Fig. 11. 

Fig. 11 is a cross-sectional illustration of the completion of the secondary 
radial expansion of the other expandable tubular member of Fig. Ik to form a mono- 
diametCT wellbore casing. 

Pig. 2a is a cross sec^onal illustration of a wellbore including a preexisting 
wellb(H:e casing. 

Fig. 2b is a cross-sectional illustration of the placement of an embodiment of 
an apparatus for radially expanding a tubular men^r into the wellbore of Fig. 2a. 
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Fig- 2c is a cross-sectional illustration of the injection of fluidic materials 
through the apparatus of Fig. 2b. 

Fig, 2d is a cross-sectional illustration of the injection of hardenable fluidic 
sealing materials through the apparatus of Fig. 2c. 

Fig. 2e is a cross-sectional illustration of the pressurization of the region 
below the e7q)ansion cone of flie apparatus of Fig. 2d. 

Fig. 2f is a cross-sectional illustration of the continued pressurization of the 
region below the. expansion cone of the apparatus of Fig. 2e. 

Fig. 2g is a cross-sectional illustration of the completion of the radial 
expansion of the expandable tubular member of the apparatus of Fig. 2f. 

Fig. 2h is a cross-sectional illustration of the drilling out of a new section of 
the wellbore below the apparatus of Fig. 2g. . 

Fig. 2i is a cross-sectional illustration of the radial expansion of anoAer 
• expandable tubular member that overle^s witii the q)paratus of Fig. 2h, 

Fig. 2j is a cross-sectional illustration of the secondary radial expansion of 
the other expandable tubular member of the apparatus of Fig. 2i. 

Fig. 2k is a cross-sectional illustration of the completion of the secondary 
radial expansion of the other expandable tubular member of Fig. 2j to form a mono- 
diameter wellbore casing. 

Fig. 3 is a cross-section^I illustration of the apparatus of Fig. 2b illustrating 
the design and construction of the over-expansion insert 

Fig. 3a is a cross-sectional illustration of an alternative embodiment of the 
over-expansion insert of Fig. 3. 

Fig. 4 is a cross-secticmal illustration of an alternative embodiment of the 
apparatus of Fig. 2b including a resilient hook for retrieving the over-expansion 
insert. 

Fig. Sa is a cross-sectional illustration of a wellbore including a preexisting 
wellbore casing. 

Fig. 5b is a cross-sectional illustration of the formation of a new section of 
wellbore casing in the wellbore of Fig. 5a. 
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Fig. 5c is a fragmmtaiy crc«s-secti<md illustration of the placeriH^ 

irflatable bladder into the new section of the wellbore casing of Fig. 5b. 

Fig. 5d is a fragmentary cross-sectional illustration of the inflation of the 
inflatable bladder of Fig. 5c. 
5 Fig. 5e is a cross-sectional illustration of the new section of weUbore casmg 

of Fig. 5d aftw over-expansion. 

Fig. 5f is a cross-sectional aiustration of the new section of wellbore casmg 

ofFig.5e after drilling out a new section of the wellbore. • 

Fig. 5g is a cross-sectional illustration of the fomiation of a mono-diameter 
10 wellborecasinglhatincludesthenewsectionoftheweflborecasingandan 

additional section of wellbore casing. 

Fig. 6a is a cross-sectional illustration of a weUbore including a preexisting 

wellbore casing. . - 

Fig. 6b is a cross-sectional illustration of the formation of a new section of 

15 wellbore casing in the wellbore of Fig. 6a. 

Fig 6c is a fragmentary cross-sectional illustration of die placement.of a 

roller radial expansion device into die new section of die wellbore casing of Fig. 6b. 

Fig. .6d is a cross-sectional illustration of tiie new section of wellbore casing 

of Fig; 6c after over-expansion. 

Fig. 6e is a cross-sectional illustration of die new section of wellbore casmg 
of Fig 6d after drilling out a new section of die wellbore. 

Fig. 6f is a cross-sectional illustration of the formation of a mono^eter 
wellbore casing diat includes die new section of die weUbore casing and an 
additional section of wellbore casing. 

Fig. 7a is a cross sectional Ulustration of a wellborp including a preixistmg 

wellbore casing. 

Fig Tbisacross-sectionaliUustrationoftiieplacementofanenibodimentof 
. an apparatus for radially expanding a tubular tneinber into the wellbore of Fig! 7a. 

Fig. 7c is a cross-sectional iUustration of the injection of fhiidic materials 
30 through die apparatus of Fig. 7b. 
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Fig. 7d is a cross-sectional illustration of the injection of hardenable fluidic 
sealing materials through the apparatus of Fig. 7c. . 

Fig, 7e is a cross-sectional illustration of the pressurization of the region 
below the expansion cone of the apparatus of Fig. 7d. 
5 Fig. 7f is a cross-sectional illustration of the continued pressurization of the 

region below the expansion cone of the apparatus of Fig. 7e. 

Fig. 7g is a cross-sectional illustration of the conviction of the radial 
expansion of the expandable tubular member of the apparatus of Fig. 7f. 

Fig. 7h is a cross-sectional illustration of the drilling out of a new section of 
10 the wellbore below flie apparatus of Fig. 7g. 

Fig. 7i is a cross-sectional illustration of the completion of the radial 
expansion of another expandable tubular member to form a mono-diameter wellbore 
casing. 

Fig. 8a is cross-sectional illustration of an wellbore including a preexisting 
1 5 section of wellbore casing having a recessed portion. 

Fig.. 8b is a cross-sectional illustration of ttie placemmt of an apparatus for 
radially e^anding a tubular member within the wellbore of Fig. 8a. 

Fig. 8c is a cross-sectional illustration of the injection of fluidic materials 
through the sq^paratus of Fig. 8b. 
20 Fig. 8d is a cross-sectional fllustration of the injection of a hardenable fluidic 

sealing material through tiie ai^aratus of Fig. 8c. 

Fig. 8e is cross-sectional illustration of the isolation of the region below the 
expansion cone and within the expansion cone launcher of tiie apparatus of Fig. 8d. 
Fig. $f is a cross-sectional illustration of the plastic deformation said radial 
25 expansion of the upper portion of the expandable tiibular member of the apparatus of 
Fig.8e. 

Fig. 8g is a cross-sectional illustration of the removal of the upper expansion 
cone from the wellbore of fig. 8f. 

Fig. 8h is a cross-sectional illustration of flie continued pressurization of the 
30 region below the expansion cone of the apparatus of Fig: 8g to thereby plastically 
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defonn and radially ctpmd the expansion cone launcher and expandable tubular 
member. 

Fig, 8i is a cross-sectional illustration of the conq)letion of the initial radial 
expansion process of the apparatus of Fig. 8h. 
5 Fig. 8j is a cross-sectional illustration of the further radial expansion of the 

apparatus of Fig. 81 in order to form a mono-diameter wellbore casing. 

Fig. 9a is a cross-sectional illustration of a wellbore including upper, and 
lower preexisting wellbore casings that are separated by an axial gap. 

Fig. 9b is a cross-sectional illustration of the coupling of a tubular member to 
1 0 the opposing ends of the wellbore casings of Fig. 9a. 

Fig. 9c is a fragmentary cross-sectional illustration of the placement of a 
radial expansion device into the tubular member of Fig. 9b. 

Fig. 9d is a fragmentary cross-sectional illustration of the actuation of the 
radial expansion device of Fig. 9c. 
1 5 Fig. 9e is a cross-sectional of a mono-diameter wellbore casing generated by 

the actuation of the radial expansion device of Fig. 9d. 

Fig. 10 is a cross-sectional illustration of a mono-diameter wellbore casing 
that includes a plurality of layers of radially expanded tubular members along at 
least a portion of the its length. 
20 Fig. 1 1 a is a cross-sectional illustration of a wellbore including a casing 

formed by plastically deforming and radially expanding a first tubular member. 

Fig. 1 lb is a cross-sectional illustration of a wellbore including another 
casing coupled to the preexisting casing by plastically deforming and radially 
expanding a second tubuldr member. 
25 Fig. 1 1 c is a cross-sectional illustration of a mono-diameter wellbore casing 

formed by radially expanding th6 second tubular member a second time. 

Detailed Description 
Several embodiments of methods and apparatus for forming a itiono-diameter 
wellbore casing are disclosed In several alternative enibodiments, the methods and 
30 apparatus may be used for form or repm mono-diameter wellbore casings, 
pipelines, or structural siq)ports. Furthermore, while the present illustrative 
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embodiments are described with reference to the formation of mono-diameter 
wellbore casings, the teachings of the present disclosure have general application to 
the formation or repair of wellbore casings, pipelines^ and structural supports . 

Referring initially to Fig. la, a wellbore 10 incliides a preexisting wellbore 
casing 15. The wellbore 10 may be oriented in any orientation from the vertical to 
the horizontal The preexisting wellbore casing 15 may be coupled to the upper 
.portion of the wellbore 10 using any number of conventional methods. In a 
preferred embodiment, the wellbore casing 15 is coupled to the upper portion of the 
wellbore 10 using one or more of the methods and apparatus disclosed in one or 
more of the following: (1) U.S. patent application serial no. 09/454,139, attorney 
docket no. 25791.03,02, filed on 12/3/1999, (2) U.S. patent application serial no. 
09/510,913, attorney docket no. 25791.7.02, filed on 2/23/2000, (3) U.S. patent 
- application serial no. 09/502,350, attorney docket no, 25791.8.02, filed on 
2/10/2000, (4) U.S. patent application serial no. 09/440,338, attorney docket no. 
25791.9.02, filed on 1 1/15/1999, (5) U.S. patent application serial no. 09/523,460, 
attorney docket no. 25791.1 L02, filed on 3/10/2000, (6) U.S. patent application 
serial no, 09/512.895, attorney docket no. 25791.12.02, filed on 2/24/2000, (7) U.S. 
patent application serial no. 09/51 1,941, attorney docket no. 25791.16,02, filed on 
2/24/2000, (8) U.S. patent application serial no. 09/588,946, attorney docket no. 
25791.17.02, filed on 6/7/2000, (9) U.S. patent application serial lio. 09/559,122, 
attorney docket no. 25791.23,02, filed on 4/26/2000, (10) PCT patent application 
serial no. PCT/USOO/18635, attorney docket no. 25791.25.02, filed on 7/9/2000. 
(1 1) U.S. provisional patent application serial no. 60/162,671, attorney docket no. 
25791.27, filed on 11/1/1999, (12) U.S. provisional patent application serial no. 
60/154,047. attoniey docket no, 25791.29, filed on 9/16/1999, (13) U.S. provisional 
patent application serial no. 60/159,082, attorney docket no. 25791.34, filed on 
10/12/1999, (14) U.S. provisi<»al patent ^plication serial no. 60/159,039, attorney 
docket no. 25791.36, filed on 10/12/1999, (15) U.S. provisional patent application 
serial no. 60/159,033, attorney docket no. 25791.37, filed on 10/12/1999, (16) U.S. 

provisional patent application serial no. attorney docket no. 

25791.38, filed on 6/19/2000, (17) U.S. provisional patent application serial no. 
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60/165,228. attorney docket no. 25791.39, filed on 1 1/12/1999, (18) U.S. 

provisional patent appBcation serial no. , attorney docket no. 

25791.45. filed on 7/28/2000, (19) U.S. provisional patent application serial no. 

. ■ attorney docket no. 25791 .46, filed on 7/28/2000, and (20) U.S. 

provisional patent application serial no. ^ , attorney docket no. 

25791.47, filed on 9/18/2000, the disclosures of which are incorporated herein by 
reference. More generally, the preexisting wellbore casing 15 may be coupled to 
another preexisting wellbore casing and/or may include one or more concentrically 
positioned tubular members. 

Referring to Fig. lb, an apparatus 100 for radially expanding a tubular 
member may then be positioned within the wellbore 10. The apparatus 100 includes 
a tubular support member 105 defining a passage 1 10 for conveying fluidic 
materials. An expansion cone 1 15 defining a passage 120 and having an outer 
conical surface 125 for radially expanding tubular members is coupled to an end of 
the tubular support member 105. An annular conical over-expansion sleeve 130 
mates with and is removably coupled to the outer conical surface 125 of the 
expansion cone 1 15. In several alternative embodiments, the over^xpansion sleeve 
130 is fabricated fi-om firangible materials such as, for example, ceramic materials, in 
order to facilitate the removal of the over-expansion sleeve during operation of the 
apparatus 100. In this manner, the amount of radial expansion provided by the 
apparatus may be decreased following the removal of the over-expansion sleeve 
130. ' 

An expansion cone launcher 135.is movably coi^led to and supported by the 
expansion cone 115 and the over-expansion sleeve 130. The expansion cone 
launcher 135 include an upper portion having an upper outer diameter, an 
intamediate portion that mates with the ejqiansion cone 115 and the over-expansion 
sleeve 130, an a lower portion having a lower outer diameter. The lower outer 
diamcter_is greater than the upper outer diameter, A shoe 140 defining a valvcable 
passage 145 is coupled to the lower portion of the expansion ame launcher 135. In 
a preferred embodiment, the valveable passage 145 may be controUably closed in 
order to fluidicly isolate a region 150 below the e;q>ansion cone 1 15 and bounded by 
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the lower portion of the expansion cone launcher 135 and the shoe 140 from the 
region outside of the apparatus 1 00. 

An expandable tubular member 155 is coupled to the upper portion of the 
expansion cone launcher 135. One or more sealing members 160a and 160b are 
5 coupled to the exterior of the upper portion of the expandable tubular member 155. 
In sevCTal alternative embodiments, flie sealing members 160a and 1 60b may 
include elastomeric elements and/or metallic elements and/or con:q>osite elements. 
In several alternative embodiments, one or more anchoring elements may substituted 
for, or used in addition to, the sealing members 160a and 160b. 
10 In a preferred embodiment, the support member 105, the expansion cone 115, 

the expansion cone launcher 135, the shoe 140, and the expandable tubular member 
155 are provided substantially as disclosed m one or more of the following: (1) O.S. 
patent application serial no. W/454,139, attorney docket no. 25791 .03.02, filed on 
12/3/1999, (2) U.S. patent plication serial no. 09/510,913, attorney docket no. 
15 25791.7.02, filed on 2/23/2000,^ (3) U.S. patent application serial no. 09/502,350, 
attorney docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent application serial 
no. 09/440,338, attomey docketno. 25791.9.02, filed on 1 1/15/1999, (5) U.S. patent 
plication serial no. 09/523,460, attorney docket no. 25791.1 1.02, filed on 
3/10/2000, (6) U.S. patent application serial no. 09/5 12,895, attomey docket no. 
20 25791.12.02, filed on 2/24/2000, (7) U.S. patent application serial no. 09/51 1,941, 
attorney docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. patent application 
serial no. 09/588,946, attorney docket no. 25791 .17.02, filed on 6/7/2000, (9) U.S. 
patent application serial no. 09/559,122, attorney docket no. 25791 .23.02, filed on 
4/26/2000, (10) PCT patent application serial no. PCT/USOO/18635. attomey docket 
25 no. 25791 J25.02, filed on 7/9/2000, (1 1) U.S. provisional patent application serial 
no. 60/162,671, attomey docket no. 25791.27, filed on 11/1/1999, (12) U.S. 
provisional patent application serial no. 60/154.047, attomey docket no. 25791.29, 
filed on 9/1 6/1999, (13) U.S. provisional patent application serial no. 60/1 59,082, 
attorney docket no. 25791.34, filed on 10/12/1999, (14) U.S. provisional patent 
30 application serial no. 60/159,039, attomey docket no. 25791.36, filed on 10/12/1999, 
(15) U.S. provisional patent application serial no. 60/159,033, attorney docket no. 
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25791.37, filed on 10/12/1999, (16) U.S. provisional patent application serial no. 

attonaey docket no. 25791.38, filed on 6/19^000, (17) U.S. 

provisional patent application serial ho. 60/165,228, attorney docket no. 25791 .39, 
filed on 1 1/12/1999, (18) U.S. provisional patent application serial no. 

5 , attorney docket no. 25791.45, filed on 7^8/2000, (19) U.S. 

provisional patent application serial no. , attorney docket no. 

2579 1.46, filed on 7/28/2000, and (20) U.S. provisional patent application serial no. 

, attorney docket no. 25791.47, filed on 9/18/2000, the disclosures 

of which are incorporated herein by reference. 

10 As illustrated in Fig. Ib^ in a preferred embodiment, during placement of the 

apparatus 100 within the welibore 10, fluidic materials 165 within the wellbore 10 
are conveyed through the apparatus 100 through the passages 1 10, 120 and 145 to a 
location above the apparatus 100. In this manner, surge pressures during placement 
of the apparatus 100 within the wellbore 10 are reduced. In a preferred embodiment, 

15 the apparatus 100 is initially positioned within the wellbore 10 such that the top 
portion of the tubular member 155 overlaps with the preexisting casing 15. In this 
manner, the upper portion of the expandable tubular member 155 may be radially 
expanded into contact with and coupled to the preexisting casing 15, As will be 
recognized by persons having ordinary skill in the art, the precise initial position of 

20 the expandable tubular member 155 will vary as a function of the amount of radial 
expansion, the amount of axial shrinkage during radial expansion, and the miaterid 
properties of the expandable tubular member. 

As illustrated in Fig. Ic, a fluidic material 170 may then be injected tiirough 
the apparatus 100 througih the passages 1 10, 120, and 145 in order to test the proper 

25 operation of these passages. 

As illustrated in Fig; Id, a hardenable fluidic sealing material 175 may then 
be injected through the apparatus 100 through the passages 1 10, 120 and 145 into 
the annulus between die apparatus and the wellbore 10. In tiiis manner, an annular 
barrier to fluid migration into and out of flie wellbore 10 may be formed around die 

30 radially expanded expansion cone launcher 135 and expandable tidsular niember 
155. The hardenable fluidic sealing material may include, for example, a cement 
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mixture. In several alternative embodiments, the injection of the hardenable fluidic 
sealing material 175 may be omitted In several alternative embodiments, the 
hardenable fluidic seahng material 175 is conqjressible, before, during and/or after, 
the curing process. 

5 As illustrated in Fig. 1 e, a non-hardenable fluidic material 1 80 may flien be 

injected into the apparatus through the passages 1 10 and 120. A ball plug 185, or 
other similar device, may then be injected with the fluidic material 180 to thereby 
seal off the passage 145. In this manner, die region 150 may be. pressurized by the 
continued injection of the fluidic material 1 80 into the apparatus 100. 

10 As illustrated in Fig. 1 f, the continued injection of the fluidic material 1 80 

into the apparatus 100 causes the expansion cone launcher 135 and expandable 
tubular member 1 55 to be plastically deformed and radially expanded off of the 
over-expansion sleeve 130. In this maimer, the expansion cone 115 and over- 
expansion sleeve 130 are displaced relative to the expansion cone launcher 135 and 

1 5 expandable tubular member 155 m the axial direction. 

After a predetermined time period and/or after a predetemiined axial 
displacement of the expansion cone 1 1 5 relative to the expansion cone launcher 1 35 
and expandable tubular member 155, the over-expansion sleeve 130 may be 
removed firom the outer conical surface 125 of the expansion cone 1 15 by the 

20 application of a predetermined upward shock load to tiie support member 105. In a 
preferred embodiment, the shock load causes the frangible over-expansion sleeve 
130 to fracture into small pieces that are then forced off of the outer conical sur&ce 
1 25 of the e;q>ailsion cone 1 1 5 by ttie continued pressurization of the region 1 SO. In 
a preferred embodiment, the pieces of the over-expansion sleeve 130 are pulverized 

25 into grains of material by the continued pressurization of the region 1 50; 

Referring to Fig. Ig, following the removal of the frangible over-expansion 
sleeve 130, the continued pressurization of the region 150 causes the expandable - 
. tubular member 1 55 to be plastically deformed and radially expanded and extruded 
off of the outer conical surface 125 of the expansion corie 1 15. Note that the amount 

30 of radial expansion provided by the outer conical surface 125 of expansion cone 1 15 
is less than the amount of radial expansion provided by the combination of the over- 



expansion sleeve 130 and the expansion cone 1 15. In this manner, as illustrated in 
Fig. Ih, a recess 185 is formed in the radially expanded tubular member 155. 

After con^jleting the plastic deformation and radial expansion of the tubular 
member 155, the hardenable fluidic sealing material is allowed to cure to thereby 
form an annular body 190 that provides a bairier to fluid flow into or out of the 
wellbore 10. 

Referring to Fig. li, the shoe 140 may then removed by drilling out the shoe 
using a conventional drilling device. A new section of the wellbore 10 may also be 
drilled out in order to permit additional expandable tubular members to be coupled 
to the bottom portion of the plastically deformed and radially expanded tubular 
member 155. 

Referring to Fig. Ij, a tubular member 200 may then be plastically deformed 
and radially expanded using any number of conventional methods, of radially 
expanding a tubular member. In a preferred embodiment, the upper portion of the 
radially expanded tubular member 200 overlaps with and mates with the recessed 
portion 185 of the tubular member 155. In a preferred embodiment, one or more 
sealing members 205 are coupled to die exterior surface of the upper portion of the 
tubular member 200. In a preferred embodiment, the sealing members 205 seal the 
interface between the upper portion of the tubular member 200 and the recessed 
portion 185 of the tubular member 155. In several alternative embodiments, the 
sealing members 205 may include elastomeric elements and/or metallic elements 
and/or conq)osite elements. In several alternative embodiments, one or more 
anchoring elements may substituted for, or used in addition to, the sealing members 
205. In a preferred embodiment, an annular body 210 of a hardoiable fluidic sealing 
material is also formed aroun^ the tubular member^OO using one or more • 
conventional methods. 

In a Referred embodiment, the tubular member 200 is plastically deformed 
and radi^y expanded, and the annular body 2 10 is formed using one or more of the 
apparatus and methods disclosed in the following: (1) U.S. patent application serial 
no. 09/454,139, attorney docket no. 25791.03.02, filed on 12/3/1999, (2) U.S. patent 
application serial no. 09/510,913, attorney docket no. 25791.7.02, filed on 
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lllilim), (3) U.S. patent application serial no. 09/502,350, attorney docket no, 
2579 L8.02, filed on 2/10/2000, (4) U.S. patent application serial no. 09/440,338, 
attorney docket ho. 25791.9.02, filed on 1 1/15/1999, (5) U.S. patent application 
serial no. 09/523,460, attorney docket no. 25791. 11 .02, filed on 3/10^000, (6) U.S. 
5 patent application serial no. 09/5 12,895, attorney docket no. 25791 .12.02, filed on 
2/24/2000, (7) U.S. patent applicati6n serial no. 09/51 1,941, attorney docket no. 
25791.16.02, filed on 2/24/2000. (8) U.S. patent application serial no. 09/588,946, 
attorney docket no. 25791. 17.02, filed on 6/7/2000, (9) U.S. patent application serial 
no. 09/559,122, attorney docket no. 25791.23.02, filed on 4/26/2000. (10) PCT 

10 patent application serial no. PCT/USOO/18635, attorney docket no. 25791.25.02, 
filed on 7/9/2000, (11) U.S. provisional patent application serial no. 60/162,671, 
attorney docket no. 215791.27, filed on 1 1/1/1999, (12) U.S. provisional patent 
application serial no. 60/154,047, attorney docket no. 25791.29, filed on 9/16/1999, 
(13) U.S. provisional patent application serial no. 60/159,082, attorney docket no. 

15 25791.34, filed on 10/12/1999, (14) U.S. provisional patent application SCTial no. 
60/159,039, attorney docket no. 25791.36, filed m 10/12/1999, (15) U.S. 
provisional patent application serial no. 60/159,033, attorney docket no. 2579L37, 
filed on 10/12/1999, (16) U.S. provisional patent application serial no. 
, attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S, 

20 provisional patent aj^lication serial no. 60/165,228, attorney docket no. 25791 .39, 
filed on 1 1/12/1999, (18) U.S. provisional patent application serial no. 

, attorney docket no. 25791.45, filed on 7/28/2000, (19) U.S. 

provisional patent application serial no. , attorney docket no. 

25791.46, filed on 7/28/2000, and (20) U.S. provisional patent application serial no. 

25 attorney docket no. 25791.47, filed on 9/1 8/2000, the disclosures 

of which are incorporated herein by reference. 

In an alternative embodiment, the annular body 210 may be omitted In 
several alternative embodiments, the annular body 210 may be radially conqiressed 
before, during and/or after curing. 

30 Referring to Fig. 1 k, an expansion cone 2 1 5 may then be driven in a 

downward direction by fluid pressure and/or by a support member 220 to plastically 
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deform and radially expand the tubular member 200 such that the interior diameter 
of the tubular members 155 and 200 are substantially equal. In this manner, as 
illustrated in Fig, 11, a mono-diameter wellbore casing may be formed In a 
preferred embodiment, during the displacement of fiie expansion cone 215 in the 
5 downward direction, fluidic materials displaced by the expansion cone are conveyed 
out of the wellbore by an internal passage 220a defined within the support member 
220. 

Referring to Figs. 2a and 2b, in an alternative embodiment, an a{q)aratus 300 
for radially expanding a tubular member may then be positioned within the wellbore 

10 10. The apparatus 300 includes a tubular support membei: 305 defining a passage. 
3 10 for conveying fluidic materials. An expansion cone 315 defining a passage 320 
and having an outer conical surface 325 for radially expanding tubular members is. 
coupled to an end of the tubular support member 305. An annular conical over- 
expansion insert 330 mates with and is removably coupled to: the outer conical 

1 5 siarface 325 of the expansion cone 315. 

An expansion cone launcher 335 is movably coupled to and siq}ported by the 
expansion cone 315 and the over-expansion insert 330. The expansion cone 
launcher 335 includes an upper portion having an upper outer diameter, an 
intermediate portion that mates with the expansion cone 3 15 and the over-expansion 

20 insert 330, an a lower portion having a lower outer diameter. The lower outer 

diameter is greater than the upper outer diameter. A shoe 340 defining a valveable 
passage 345 is coupled to the lower portion of the expansion cone launcher 335. In 
a preferred embodiment, the valveable passage 345 may be controUably closed in 
order to fluidicly isolate a region 350 below the expansion cone 3 1 5 and bounded by 

25 the lower portion of the expansion cone launcher 335 and the shoe 340 firomlhe 
region outside of the apparatus 300. 

In a preferred embodiment, as illustrated in Fig. 3, the over-expansion insert 
330 includes a plurality of spaced-apart arcuate inserts 330a, 330b, 330c and 330d 
diat are positioned betweoi the outer conical sur&ce 325 of the expansion cone 31i5 

30 and the inner surfiice of the intermediate portion of the expansion cone launcher 335. 
In this manner, the relative axial displacement of the expansion cone 315 and ttie 
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expansion cone launcher 335 will cause the expansion cone to over-expand the 
intermediate portion of the expansion cone launcher. In this manner, a recess may 
be formed in fee radially expanded expansion cone launcher 335. In several 
alternative embodiments, the inserts 330a, 330b, 330c, and 330d fall out of the 
5 recess and/or are removed from the recess using a conventional retrieval tool upon 
the conq)letion of the radial expansion process. 

In an alternative embodiment, as illustrated in Fig. 3a, the over expansion 
insert 330 furflier includes intermediate resilient members 33 1 a, 33 lb, 33 1 c, and 
33 Id for resiliently coupling the inserts 330a, 330b, 330c, and 330A In this manner, 
1 0 upon the complctioii of the radial expansion process, the resilient force exited by 
the resilient members 33 1 causes the over-e^qpansion insert to collapse in the radial 
direction and thereby fell out of the recess. 

An expandable tubular member 355 is coupled to the upper portion of the 
• expansion cone launcher 335. Qae or more sealing members 360a and 360b are 
15 coupled to the exterior of the n)per portion of the expandable tubular member 355. 
In several alternative embodiments, the sealing members 360a and 360b may 
include elastomeric elements and/or metallic elements and/or composite elements. 
In several alternative embodiments, one or more anchoring eleinents may substituted 
for, or used in addition to, the sealing members 360a and 360b. . 
20 In a preferred embodiment, the support member 305, the expansion cone 3 15, 

the expansion cone launcher 335, the shoe 340, and the expandable tubular meiriber 
355 are provided substantially as disclosed in one or more of the following: (1) U.S. 
patent application serial no. 09/454,139, attomey docket no. 25791.03.02, filed on 
12/3/1999, (2) as. patent appUcation serial no. 09/510,913, attomey docket no. 
25 25791.7.02, filed on 2/23/2000, (3) U.S. patent application serial no. 09/502350, 
attorney docket no. 25791.8.02, filed ori 2/10/2000, (4) U.S. patent application serial 
no. 09/440,338, attomey docket no. 25791.9.02, filed on 1 1/15/1999, (5) U.S. patent 
application serial no. 09/523,460, attomey docket no. 2579 1.11 .02, filed on 
3/1 0/2000, (6) U.S. patent appUcation SCTial no. 09/5 1 2,895, attomey docket no. 
30 25791.12.02, filed on 2/24/2000, (7) U.S. patent application serial no. 09/511,941, 
attomey docket no. 25791.16.02, filed on 2/24/2000^ (8) U.S. patent application 



serial no. 09/588,946, attorney docket no. 25791.17.02, filed on 6/7/2000, (9) U.S. 
patent application serial no. 09/559,122, attorney docket no. 25791.23.02, filed on 
4/26/2000, (10) PCT patent application serial no. PCT/USOO/18635, attorney docket 
no. 25791.25.02, filed on 7/9/2000, (11) U.S. provisional patent application serial 
5 no. 60/162,671, attorney docket no. 25791.27, filed on 1 1/1/1999, (12) U.S^ 

provisional patent application serial no. 60/154,047, attorney docket no: 25791.29, 
. filed on 9/16/1999, (13) U.S. provisional patent application serial no. 60/159,082, 
attorney docket no. 25791.34, filed on 10/12/1999, (14) U.S. provisional patent 
application serial no. 60/159,039, attorney docket no. 25791 .36, filed on 10/12/1999, 

10 (15) U.S. provisional patent application serial no. 60/159,033, attorney docket no. 
25791.37, filed on 10/12/1999, (16) U.S. provisional patent application serial no. 

, attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. 

provisional patent application serial no. 60/165,228, attorney docket no. 25791.39, 
filed on 1 1/12/1999, (18) U.S. provisional patent application serial no. 

15 , attorney docket no. 25791.45, filed on 7/28/2000, (19) U.S. 

provisional patent application serial no. , attorney docket no: 

25791,46, filed on 7/28/2000, and (20) U.S. provisional patent application iserial no. 

. , attorney docket no. 2579 1 .47, filed on 9/1 8/2000, the disclosures 

of which are incorporated herein by reference. . 

20 As illustrated in Fig. 2b, in a preferred embodiment, during placement of the 

apparatus 300 within the wellbore 10, fluidic materials 365 within the wellbore 10 
are conveyed through the apparatus 300 through the passages 310, 320 and 345 to a 
location above the apparatus 300. In this manner, surge pressures during placement 
of the apparatus 300 within the wellbore 1 0 are reduced. In a preferred embodiment, 

25 the apparatus 300 is initially positioned within the wellbore 10 such that the top 
portion of the tubular member 355 overlaps with the preexisting casing 15. In this 
manner, the upper portion of the expandable tubular m«nber 355 may be radially 
expanded into contact with and coupled to flie preexisting casing 15. As will be 
recognized by persons having ordinary skill in the art, die precise imtial position of 
'30 the expandable tubular member 355 will vary as a function of the amount of radial 
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expansion, the amount of axial shrinkage during radial expansion, and the material 
properties of the expandable tubular member. 

As illustrated in Fig. 2c, a fluidic material 370 may then be injected through 
the ^paratus 300 through the passages 310, 320, and 345 in order to test the proper 
5 operation of these passages. 

As illustrated in Fig. 2d, a hardenable fluidic sealing material 375 may then 
be injected through the apparatus 300 through the passages 310, 320 and 345 into 
the amiulus between the apparatus and the wellbore 10. In this manner, an annular 
barrier to fluid migration into and out of the wellbore 1 0 may be formed around the 
10 radially expanded expansion cone launcher 335 and expaildable tubular member 
355. The hardenable fluidic sealing material may include, for exantple, a cement 
mixture. In several alternative embodiments, the injection of the hardenable fluidic 
sealing material 375 maybe omitted. In several alternative einbodiments, the 
hardenable fluidic sealing material 375 is compressible, before, during and/or after, 
15 the curing process.. 

As illustrated in Fig. 2e, a non-hardenable fluidic material 380 may then be 
- injected into the apparatus through the passages 3 10 and 320. A ball plug 385, or 
other similar device, may tiien be injected with the fluidic material 380 to thereby 
seal off* die passage 345. In this manner, the region 350 inay be pressurized by the 
20 continued injection of the fluidic material 380 into flie apparatus 300. 

As illustrated in Fig. 2f, th^ continued injection of the fluidic material 380 
into the apparatus 300 causes Ae expansion cone launcher .335 to be plastically 
deformed and radially expanded off of die over-expansion insert 330. In this 
manner, the expansion cone 315 is displaced relative to the e)q>ansion cone laundier 
25 335 and expandable, tubular member 355 in the axial direction^ 

Once the radial expansion process has progressed beyond the over-expansion 
inscn 330, the radial expansion of die expansion cone launcher 335 and esgmdable 
tubular member 355 is provided solely by the outer conical sur&ce 325 of die 
expansion cone 315. Note that die amount of radial expansion provided by the outer 
30 conical surfece 325 of expansion cone 315 is less than die amount of radial 

expansion provided by the combination of the over-expansion insert 330 and the 
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expansion cone 3 1 5. In tbis manner, as illustrated in Fig. 2g, a recess 390 is formed 
in the radially expanded tubular member 355. 

In several alternative embodiments, the over-expansion insert 330 is removed 
from the recess 390 by falling out and/or removal using a conventional retrieval tool. 
5 in an alternative embodiment, the resilient force provided by the resilient members 
331a, 331b, 331c, and 33ld cause the insert 330 to collapse in the radial direction 
and thereby fell out of the recess 390. In an altmiative embodiment, as illustrated in 
Fig. 4, one or more resilient hooks 395a and 395b are coupled to the bottom of die 
expansion cone 3 15 for retrieving the over-expansion insert 330 during or after the 
10 completion of the radial expansion process. 

After coiipleting the plastic deformation and radial expansion of the tubular 
member 355, the hardenable fluidic sealing material is allowed to cure to thereby 
form an annular body 400 that provides fi barrier to fluid flow into or out of Ihc 
wellbore 10. 

1 5 Referring to Fig. 2h, the shoe 340 may then removed by drilling out the shoe 

using a conventional drilling device. A new section of the wellbore 10 may also be 
drilled out in order to permit additional expandable tubular members to be coupled 
to the bottom portion of the plastically deformed and radially expanded tubular 
member 355. 

20 Referring to Fig. 2i, a tubular member 405 may then be plastically deformed 

and radially expanded using any nunaber of conventional methods of radially 
expanding a tubular member. In a preferred embodiment, the upper portion of the 
radially expanded tubular member 405 overlaps with and mates with the recessed 
portion 390 of the tubular member 355. In a preferred embodiment, one or more 

25 sealing members 410 are coiq}led to the exterior surface of the upper portion of the 
tubular member 405. In a preferred embodiment, fhe sealing mend>er5 410 seal the 
interface between the upper portion of the tubular rnember 405 and the recessed 
portion 390 of the tubular member 355. In several alternative embodiments, the 
sealing members 410 may include elastomeric elements and/or tnetallic elements 

30 and/or composite elements. In several alternative embodiments, one or more 

anchoring elements may substituted for, or used in addition to, the sealing members 
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410. Ina prefe]Tedembodiment»anaimularbody41Sofah^ 

material is also fonned around the tubular member 405 using one or more 

ccmventional mediods. 

Jn a preferred embodiment, the tubular member 405 is plastically deformed 
5 and radially expanded, and the annular body 415 is formed using one or more of the 
apparatus 9nd methods disclosed in the following: .(1) U.S. patent application serial 
no. 09/454,139, attorney docket no. 25791.03.02, fded on 12/3/1999, (2) U.S. patent 
application serial no. 09/510,913, attorney docket no. 25791 .7.02, filed on 
2/23/2000, (3) U.S. patent application serial no. 09/502,350, attorney docket no. 

10 25791.8,02. filed on 2/10/2000, (4) U.S. patent application serial no. 09/440^38, 
attorney docket no. 25791.9.02, filed on 1 1/15/1999, (5) U.S. patent application 
serial no. 09/523,460, attorney docket no, 25791,1 1.02, filed on 3/10/2000, (6) US. 
patent application serial no. 09/512,895, attorney docket no. 25791.12.02, filed on 
2/24/2000, (7) U.S. patent application serial no. 09/51 1,941, attorney docket no. 

15 25791.16.02, filed on 2/24/2000, (8) U.S. patent application serial no. 09/588,946, 
attorney docket no. 25791 .17.02, filed on 6/7/2000, (9) U.S. patent application serial 
no. 09/559,122, attorney docket no. 25791.23.02, filed on 4/26/2000, 00) PCX 
patent application serial no. PCT/USOO/18635, attorney docket no. 25791.25.02, 
filed on 7/9/2000, (11) U.S. provisional patent application serial no. 60/162,671, 

20 attorney docket no. 25791.27, filed on 1 1/1/1999, (12) U.S. provisional patent 

application serial no. 60/154,047, attorney docket no. 25791.29, filed on 9/16/1999, 
(13) U.S. provisional patent application serial no. 60/159,082, attorney docket no. 
25791 .34, filed on 10/12/1999, (14) U.S. provisional patent application serial no. 
60/159,039, attorney docket no. 25791.36, filed on 10/12/1999, (15) U.S." 

25 provisional patent application serial no. 60/159,033, attorney docket no. 25791.37, 
filed on 10/12/1999, (16) U.S. provisional patent application serial no. 

, attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. 

. provisional patent ^jplication serial no. 60/165,228, attorney docket no. 2579 1.39, 
filed on 1 1/12/1999, (18) U.S. provisional patent application serial no. 

30 ,attomeydocketno. 25791.45, filed on 7/28/2000, (19) U.S. 

provisional patent application serial no. , attorney docket no. 
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25791.46, filed on 7^g/200d, and (20) U.S. provisional patent application serial no. 

_ , attorney docket no. 25791.47, filed m 9/18/2000, the disclosures 

of which are incorpwated horein by reference. 

In an alternative embodiment, the annular body 4 1 5 may be omitted. In 
several alternative embodiments, the annular body 415 may bc radiaUy compressed 
before, during and/or after curing. 

Referring to Fig. 2j, an expansion cone 420 may then be driven in a 
downward direction by fluid pressure and^ by a support member 425 to plastically 
deform and radiaUy expand the tubular member 405 such that the interior diameter 
of the tubular members 355 and 405 are substantially equal. Jn this manner, as 
illustrated in Fig. 2k, a mono-diameter wellbore casing may be formed, la a 
preferred embodiment, during the displacement of the expansion cone 420 in the 
downward direction, fluidic materials displaced by the expansion cone are conveyed 
out of the wellbore by an internal passage 425a defined within the sapport mfcmber 
425. 

Referring to Figs 5a-5b, in an alternative embodiment, a tubular member 500 
having a shoe 505 may be plastically deformed and radially expanded and thereby 
coupled to the preexisting section of wellbore casing 15 using any number of 
conventional methods. An annular body of a fluidic sealing material 510 may also 
be formed around the tubular member 500 using any number of conventional 
methods. Di a preferred embodiment, the tubular member 500 is plastically 
deformed and radially expanded and tiie annular body 5 10 is formed using one or 
more of the methods and apparatus disclosed in one or more of the following: (1) 
U.S. patent application serial no. 09/454,139, attorney docket no. 25791.03.02, filed 
on 12/3/1999, (2) U.S. patent application serial no. 09/510,913. attorney docket ho. 
25791.7.02, filed on 2/23/2000, (3) U.S. patent application serial no. 09/502,350, 
attorney docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent application serial 
no. 09/440,338, attomey docket no. 25791.9.02, filed on 1 1/15/1999, (5) U.S. patent 
application serial no. 09/523,460, attorney docket no. 25791.1 1.02, filed on 
3/10/2000, (6) U.S. patent qjplication serial no. 09/512,895, attomqr docket no. 
25791.12.02, filed on 2/24/2000, (7) U.S. patent jqjplication serial no. 09/511,941. 
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attorney docket no. 2579 LI 6,02,' filed on 2/24/2000, (8) U.S. patent application 
serial no. 09/588,946, attorney docket no. 2579 L 1 7.02, filed on 6/7/2000, (9) U.S. 
patent application serial no. 09/559,122, attorney docket no. 25791.23.02, filed on 
4/26/2000, (10) PCT patent application serial no. PCT/USOO/18635, attorney docket 
5 no. 25791.25.02, filed on 7/9/2000, (1 1) U.S. provisional patent application serial 
no, 60/162,671, attorney docket no. 25791.27, filed on 1 1/1/1999, (12) U.S. 
provisional patent application serial no. 60/154,047, attorney docket no. 25791 .29, 
filed on 9/16/1999, (13) U.S. provisional patent ^plication serial no. 60/159,082, 
attorney docket no. 25791 J4, filed on 10/12/1999, (14) U.S. provisional patent 
10 application serial no. 60/159,039, attorney docket no. 25791.36, filed on 10/12/1999, 
(15) U.S. provisional patent application serial no. 60/159,033, attorney docket no. 
-25791.37. filed on 10/12/1999, (16) U.S. provisional patent application serial no. 

• , attorney docket no. 25791.38. filed on 6/19/2000, (17) U.S. 

provisional patent application serial no. 60/165,228, attorney docket no. 25791.39,' 
15 filed on 1 1/12/1999, (18) U.S. provisional patent application serial no. 

• attorney docket no. 25791.45. filed on 7/28/2000, (19) U.S. 

provisional patent application serial no, , attorney docket no. 

25791.46, filed on 7/28/2000, and (20) U.S. provisional patent application serial no. 

, attorney docket no. 25791,47, filed on 9/18/2000, the disclosures 

20 of which are incorporated herein by reference. 

In several alternative embodiments, tiie annular body 510 may be omitted or 
may be conq>ressible before, during, or after curing. 

Referring to Figs. 5c and 5d, a conventional inflatable bladder 515 may then 
be positioned within the tubular memb^ 500 and inflated to a sufficient opa:ating 
25 pressure to plastically deform and radially exptand a portion of the tubular member 
to thereby form a recess 520 in the tubular member. 

Referring to Figs. 5e and 5f, the inflatable bladder 515 may then be removed 
and the shoe 505 drilled out using a conventional drilling device. 

Referring to Fig. 5g; an additional tubular member 525 may then be 
30 plastically deformed and radially expanded in a conventional manner and/or by 
using one or more of the methods and apparatus described above in order to form a 
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mono-diameter wellbore casing. Before, during or after the radial e3q)ansion of the 
tubular member 525, an annular body 530 of a fluidic sealing material may be 
formed around the tubular member in a conventional manner and/or by using one or 
more of the methods and apparatus described above. 

In several alternative embodiments, the inflatable bladder 515 may be 
coupled to the bottom of an expansion cone in order to permit the over-expansion 
process to be performed during the radial expansion process inq>lemented using the 
expansion cone. 

Referring to Figs 6a-6b, in an altemative embodiment, a tubular member 600 
having a shoe 605 may be plastically deformed and radially expanded and thereby 
coupled to the preexisting section of wellbore casing 15 using any number of 
conventional methods. An annular body of a fluidic sealing material 610 may also 
be formed around the tubular member 600 using any number of conventional 
methods. In a preferred embodiment, the tubular member 600 is plastically 
deformed and radially expanded and the annular body 610 is formed using one or 
more of the methods and apparatus disclosed in one or more of the following: (1) 
U.S. patent ^plication serial no. 09/454,139, attomey docket no. 25791.03.02, filed 
on 12/3/1999, (2) U.S. patent application serial no. 09/510,913, attomey docket no. 
25791.7.02, filed on 2/23/2000, (3) U.S. patent ^plication serial no. 09/502,350, 
attorney docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent application serial 
no. 09/440,338, attomey docket no. 25791.9.02, filed on 1 1/15/1999, (5) U.S. patent 
appUcation serial no. 09/523,460, attomey docket no. 25791.1 1.02, filed on 
3/10/2000, (6) US. patent application serial no. 09/512,895, attomey docket no. 
25791.12.02, ffled on 2/24/2000, (7) US. patent application serial no. 09/511,941, 
attomey docket no. 25791.16.02, ffled on 2/24^000, (8) U.S. patent application 
serial no. 09/588,946, attomey docket no. 25791.17.02, filed ra 6/7/2000, (9) US. 
patent application serial no. 09/559.122, attomey docket no. 25791.23.02, ffled on 
4/26/2000, (10) PCT patent application serial no. PCr/USOa/18635, attomey docket 
no. 25791.25.02, filed on 7/9/2000, (1 1) U.S. provisional patent plication serial 
no. 60/162,671, attomey docket no. 25791.27, filed on 1 1/1/1999, (12) U.S. 
provisional patent application serial no. 60/154,047, attomey docket no. 25791.29, 
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filed 011,9/16/1999, (13) U.S. provisional patent application serial no. 60/159,082, 
attorney docket no. 25791.34, filed on 10/12/1999, (14) U.S. provisional patent 
application serial no. 60/159,039, attorney docket no. 25791.3j5, filed on 10/12/1999, 
(15) U.S. provisional patent application serial no. 60/159,033, attorney docket no. 
5 25791.37, filed on 10/12/1999, (16) U.S. provisional patent application serial no. 

: attorney docket no. 25791.38, filed on 6/19/2000, (IT) U,S. 

provisional patent application serial no. 60/165,228, attorney docket no. 25791.39, 
filed on 1 1/12/1999, (18) U.S. provisional patent application serial no. 
^ attorney docket no, 25791.45, filed on 7/28/2000, (19) U.S. 

1 0 provisional patent application serial no. , attorney docket no. 

25791,46, filed on 7/28/2000, and (20) U.S. provisional patent application serial no. 

• , attorney docket no. 25791,47, filed on 9/18/2000, the disclosures 

of which are incorporated herein by reference. 

In several alternative embodiments, the annular body 6 1 0 may be omitted or 

15 may be coinpressiT>le before, during, or after (firing. 

Referring to Figs. 6c and 6d, a conventional roller expansion device 615 may 
then be positioned within the tubular member 600 and operated in a conventional 
manner apply a radial force to the interior surface of the tubular merhber 600 to 
plastically deform and radially expand a jportion of the tubular member to thereby 

20 form a recess 620 in the tubular member. As will be recognized by persons having 
ordinary skill in the art, a roller expansion device typically utilizes one or more 
rollers that, through rotation of the device, apply a radial force to the interior 
surfaces of a tubular member. In several alternative embodiments, the roller 
expansion device 615 may include eccentric rollers such as, for example, as 

25 disclosed in U.S. Pat Nos. 5,0 14,779 and 5,083,608, the disclosures of which are 
incorporated herein by reference. 

Referring to Figs. 6d and 6e, the roller expansion device 615 may then be 
removed and the shoe 605 drilled out using a conventional drilling device. 
Referring to Fig. 6f, an additional tubular member 625 may then be 

30 plastically deformed and radially expanded in a conventional maimer and/or by 
using one or more of the methods and apparatus described above in order to form a 



mono-diameter wellbore casing. Before, during or aifter the radial expansion of the 
tubular member 625, an annular body 630 of a fluidic sealing material may be 
form^ around the tubular member in a conventional manner and/or by using one or 
more of die methods and apparatus described above. 

In several alternative embodiments, the roller expansion device 615 may be 
coupled to the bottom of an expansion cone in ordo: to permit the over-expansion 
process to be performed during the radial expansion process implemented using the 
expansion cone. 

Referring initially to Fig. 7a, a wellbore 10 includes a preexisting wellbore 
casing 15. The wellbore 10 may be oriented in any orientation from the vertical to 
the horizontal. The preexisting wellbore casing 15 may be coupled to the upper 
portion of the wellbore 10 using any number of conventional methods. In a 
preferred embodiment, the wellbore casing 15 is coupled to the upper portion of the 
• wellbore 10 using one or more of the methods and apparatus disclosed in one or 
more of the following: (1) U,S. patent application serial no. 09/454,139, attorney 
docket no. 25791.03.02, filed on 12/3/1999, (2) U.S. patent application serial no. 
09/510,913, attorney docket no. 25791.7.02, filed on 2/23/2000, (3) U.S. patent 
application serial no. 09/502,350, attorney docket no. 25791.8.02, filed on 
2/10/2000, (4) U.S. patent application serial no. 09/440,338, attorney docket no. 
25791.9.02, filed on 1 1/15/1999, (5) U.S. patent application serial no. 09/523,460, 
attorney docket no. 25791.1 1,02, filed on 3/10/2000, (6) U.S. patent application 
serial no. 09/512,895, attorney docket no. 25791.12.02, fUed on 2/24/2000, (7) U.S. 
patent application serial no. 09/51 1,941, attorney docket no. 25791.16.02, filed on 
2/24/2000, (8) U.S. patent application serial no. 09/588,946, attorney docket no. 
25791.17.02, filed on 6/7/2000. (9) U.S. patent application serial no. 09/559,122, 
attomey docket no. 25791.23.02. filed on 4^6/2000, (10) PCT patent application 
serial no. PCT/USOO/18635, attomey docket no. 25791.25.02, filed on 7/9/2000, 
(11) U.S. provisional patent application serial no. 60/162,671, attomey docket no. 
25791.27, filed on 11/1/1999, (12) U.S. provisional patent application serial no. 
60/154,047, attorney docket no. 25791.29, filed on 9/16/1999, (13) U.S. provisional 
patent application serial no. 60/159,082, attomey docket no. 25791.34, filed on 
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10/12/1999, (14) U.S. provisional patent application serial no. 60/159,039, attorney 
docket no. 2579L36, filed on 10/12/1999, (15) U.S. provisional patent application 
serial no. 60/159,033, attorney docket no. 25791.37, filed on 10/12/1999, (16) U.S. 

provisional patent aiqplicatioh serial no. , attorney docket no. 

5 25791.38, filed on 6/19/2000, (17) U.S. provisional patent application serial no. 
60/165,228, attorney docket no. 2579139, filed on 1 1/12/1999, (18) U.S. 

provisional patent application serial no. • , attorney docket no. 

25791.45, filed on 7/28/2000, (19) U.S. provisional patent application serial no.' 
• attorney docket no. 25791 .46, filed on 7/28/2000, and (20) U.S. 

1 0 provisional patent application serial no. , attorney docket no. 

. 25791.47, filed on 9/18/2000, the disclosures of which are incorporated herein by 
reference. More generally, the preexisting wellborc casing 15 may be coupled to 
another preexisting wellbore casing and/or may include one or more concentrically 
positioned tubular members. 

15 Referring to Fig. 7b, an apparatus 700 for radially expanding a tubular 

member may then be positioned within the wellbore 10. The apparatus 700 includes 
a tubular support member 705 defining a passage 7 1 0 for conveying fluidic 
materials. An expansion cone 715 defining a passage 720 and having an outer 
conical surface 725 for radially expanding tubular members is coupled to an end of 

20 the tubular isupport member 705. 

An expansion cone launcher 735 is movably coupled to and supported by the 
. expansion cone 715. The expansion cone laundier 735 includes an upper pcHlion 
735a having an upper outer diameter, an intermediate portion 735b that mates with 
the expansion cone 715, and a lower portion 735c having a lower oiiter diameter. 

25 -The lower outer diameter is greater than the upper outer diameter. The expansion 
cone launcher 735 fiulher includes a recessed portion 735d having an outer diameter 
that is less than the lower outer diamet^. 

A shoe 740 defining a valveable passage 745 is coupled to the lower portion 
of the expansion cone launcher 735. In a preferred embodiment, the valveable 

30 passage 745 may be controUably closed in order to fluidicly isolate a region 750 
below the expansion cone 71 5 and bounded by the lower portion 735c of the 
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expansion cone launcher 735 and tbe shoe 740 from the region outside of the 
apparatus 700. 

An expandable tubular member 755 is coupled to the upper portion 735a of 
the expansion cone launcher 735. * One or more scaling members 760a and 760b 
may be.coupled to the exterior of the iq>per portion of the expandable tubular 
member 755. In several alternative embodiments, the sealing members 760a and 
760b may include clastomeric elements and/or metallic elements iand/or con^site 
elements. In several alternative embodiments, one or more anchoring elements may 
substituted for, or used in addition to, the sealing members 760a and 760b, 

In a preferred embodiment, the support member 705, the expansion cone 715, 
the expansion cone launcher 735, the shoe 740, and the expandable tubular member 
755 are provided substantially as disclosed in one or more of the following: (1) U.S. ' 
patent application serial no. 09/454,139, attorney docket no. 25791.03.02, ffledon 
12/3/1999, (2) U.S. patent appUcation serial no. 09/510,913, attorney docket no. 
25791.7.02, filed on 2/23/2000, (3) U.S. patent qjpUcation serial no. 09/502,350, 
attorney docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent application serial 
no. 09/440,338, attorney docket no. 25791.9.02, filed on 1 1/15/1999, (5) U.S. patent 
application serial no, 09/523,460, attorney docket no, 2579 1 . 1 1 .02; filed on 
3/10/2000, (6) U.S. patent application serial no. 09/512,895, attorney docket no. 
25791.12.02, filed on 2/24/2000, (7) U.S. patent application serial no. 09/511,941, 
attorney docket no, 25791.16.02, filed on 2/24/2000, (8) U.S. patent application 
serial no. 09/588,946, attomey docket no. 25791.17.02, filed on 6/7/2000, (9) U.S. 
patent application serial no. 09/559,122, attorney docket no. 25791.23.02, filed on 
4/26/2000, (10) PCX patent application serial no, PCT/USOO/18635, attomey docket 
no. 25791.25.02, filed on 7/9/2000, (1 1) US, provisional patent application serial 
no. 60/162,671, attomey docket no. 25791,27, filed on 1 1/1/1999, (12) U.S. 
provisional patent application serial no. 60/154,047, attomey docket no. 25791,29, 
filed on 9/16/1999, (13) U.S. provisional patent application serial no. 60/159,082, 
attorney docket no. 2579 1.34,. filed on 10/12/1999, (14) U>S. provisional patent 
application serial no. 60/159,039, attorney docket no. 25791.36, filed on 10/12/1999, 
(15) U.S. provisional patent application smal no, 60/159,033, attomey docket no. 
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25791 .37, filed on 10/12/1 999, (16) U.S. provisional patent application serial no. 

, attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. 

provisional patent application serial no. 60/ 165,228, attorney docket no. 25791.39, 
•filed on 1 1/12/1999, (18) U.S. provisional patent application serial no. 

5 , attorney docket no. 25791.45, filed <m 7/28/2000, (19) U.S. 

provisional patent application serial no. __, attorney docket no. 

25791.46, filed on 7/28/2000, and (20) U.S. provisional patent application serial no. 

, attorney docket no. 25791,47, filed on 9/18/2000, flie disclosures 

of which are incorporated herein by reference. 

10 As illustrated in Fig. 7b, in a preferred embodiment, during.placement of the 

apparatus 700 within the wellbore 10, fiaidic materials 765 wifliin the wellbore 10 
are conveyed durough the apparatus 700 through the passages 710, 720 and 745 to a 
location above the apparatus 700. Iii this manner, surge presswes during placenlent 
* of the apparatiis 700 within the wellbore 10 are reduced. In a preferred embodiment, 

15 the apparatus 700 is initially positioned within the wellbore 10 such.that die top 
portion of the tubular member 755 overlsqss with the preexisting casing 15. tn this 
maimer, die iq>per portion of the expandable tubular niember 755 may be radially 
expanded into contact with and coupled to die preexisting casing 1 5. As will be 
recognized by persons having ordinary skill in the art, the precise, initial position of 
. 20 the expandable tubular member 755 will vary as a fionction of the amount of radial 
expansion, the amount of axial shrinkage during radial expansion, and the material 
properties of the expandable tubular member. 

As illustrated in Fig. 7c, a fluidic material 770 may then be injected through 
the apparatus 700 through the passages 710, 720, and 745 in order to test the proper 

25 operation of these passages. 

As illustrated in Fig. 7d, a hardenable fluidic sealing material 775 may then 
be injected through the apparatus 700 through the passages 710, 720 and 745 into 
the annulus between the apparatus and the wellbore 10. In this manner, an annular 
barrier to fluid migration into and out of the wellbore 10 may be formed around the 

30 radially expanded expansion cone launcher 735 and expandable tubular member 
755. The hardenable fluidic sealing material may include, for exanple, a cement 
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mixture. In several alternative embodiments, the injection of the hardenable fluidic 
sealing material 775 may be omitted. In several alternative embodiments, the 
hardenable fluidic sealing materia] 775 is compressible, before, during and/or after, 
the curing process. 

As illustrated in Fig. 7e, a non-hardenable fluidic material 780 may then be 
injected into the apparatus through the passages 71.0 and 720. A ball plug 785, or 
other similar device, may then be injected with the fluidic material 780 to thereby 
seal off flie passage 745. In this manner, the region 750 may be pressurized by the 
continued injection of the fluidic material 780 into the apparatus 700. 

As illustrated in Figs. 7f and 7g, the continued injection of the fluidic 
material 780 into the apparatus 700 causes the expansion cone launcher 735 and 
expandable tubular member 755 to be plastically deformed and radially expanded 
off of the expansion cone 715. The resulting structure includes a lip 790. 

After completing the plastic deformation and radial expansion of the tubular 
member 755, the hardenable fluidic sealing material is allowed to cure to thereby 
form an annular body 795 that provides a barrier to fluid flow into or .out of the 
wellbore 10. 

Referring to Fig, 7h, the shoe 740 may then removed by drilling out the shoe 
using a conventional drilling device. A new section of the wellbore 10 may also be 
drilled out in order to permit additional expandable tubular members to be coupled 
to the bottom portion of the plastically deformed and radially e^q^anded tubular 
member 755. 

Refeiring to Fig. 7i, an additional tubular member 800 may then be 
plastically deformed and radially expanded in a conventional manner and/or by 
using one or more of the methods and ^aratus described above in order to form a 
mono-diameter wellb(»re casing. Before, during or after the radial expansion of the 
tubular member 800, an annular body 805 of a fluidic sealing material may be 
formed around the tubular member in a conventional manner and/or by using one or 
more of the methods and 2^>paratiis described above, hx preferred embodiment, the 
lip 790 facilitates the coiq)ling of the tubular member 800 to the tubular member 755 
by providing a region on which the tubular member 800 may be easily coupled onto. 
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Referring to Fig. 8a, in an alternative embodiment, a wellbore 10 includes a 
preexisting section of wellbore casing 15 and 900. The wellbore casing 900 
includes sealing members 905a and 905b, and a recess 910. An annular body 915 of 
a fluidic sealing material may also be provided around the casing 900. The casing 
5 900 and annular body 915 may be provided using any number of conventional 
methods, the methods described above, and/or using one or more of the methods 
disclosed in flie following: (1) US, patent application serial no. 09/454,139, attorney 
docket nc 2579L03.02, filed on 12/3/1999, (2) U.S. patent application serial no. 
•09/510,913. attorney docket ho. 25791.7.02, filed on 2/23/2000, (3) U.S. patmt 

10 application serial na 09/502,350, attorney docket no. 25791.8.02, filed on 

2/10/2000, (4) U.S. patent application serial no. 09/440,338, attorney docket no. 
25791.9.02. filed on 1 1/15/1999, (5) U.S. patent application serial no. 09/523,460, 
attomcy docket no. 25791.11.02, filed on 3/10/2000, (6) U.S. patent application 
serial no. 09/512,895, attorney docket no. 25791.12.02, filed on 2/24/2000, (7) U.S. 

15 patent application serial no. 09/51 1,941, attorney docket no. 25791.16.02, filed on 
2/24/2000, (8) U.S. patent application serial no. 09/588,946, attorney docket no. 
25791.17.02, filed on 6/7/2000, (9) U.S. patent aH)lication serial no. 09/559,122, 
attomcy docket no. 25791.23.02, filed on 4/26/2000, (10) PCT patent application 
serial no. PCT/USOO/18635, attorney docket ho. 25791.25.02, filed on 7/9/2000^ 

20 (11) U.S. provisional patent s^lication serial no. 60/162,671, attorney docket no. 
25791.27, filed on 1 1/1/1999, (12) U.S. provisional patent plication serial no. 
60/154,047, attorney docket no. 25791,29. filed on 9/16/1999, (13) U.S. provisional 
patent application serial no. 60/159,082, attorney docket no. 2579 1 .34, filed on 
10/12/1999, (14) U.S. provisional patent application serial no. 60/159,039, attorney 

25 docket no. 25791 -Sji, filed on 10/12/1999, (IS) U.S. provisional patent plication 
serial no. 60/159.033, attomcy docket no. 25791.37. filed on 10/12/1999, (16) U.S. 

jmvisional patent application serial no. , attorney dc>cket no. 

2579138, filed cm 6/19/200Q, (17) US. provisional patent application serial no. 
60/165,228, attorney docket no. 25791.39, filed on 1 1/12A999, (18) U.S. 

30 provisional patent application serial no. attomey docket no. 

25791.45, filed on 7/28/2000, (19) U.S. provisional patent sCTlication serial no. 
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. attorney docket no. 25791.46, filed on 7/28/2000, and (20) U.S. 

provisional patent application serial no. ' , attorney docket no. 

25791.47, filed On 9/18/2000, the disclosures of which arc incorporated herein by 
reference. 

Referring to Fig. 8b, an apparatus 1000 for radially expanding a tubular 
member is then positioned within the wellbore 10 that includes a tubular support 
member 1005 that defines a passage 1010 for conveying fluidic materials. A 
hydrauhc locking device 1015 that defines a passage 1020 for conveying fluidic 
materials that is fluidicly coupled to the passage 1010. The locking device 1015 
further includes inlet passages, 1020a and 1 020b, actuating chambers, 1 025a and 
1025b, and locking members, 1030a and 1030b. During operation, the injection of 
fluidic materials into the actuating chambers, 1025a and 1025bj causes the locking 
members, 1030a and 1030b, to be displaced outwardly in the radial direction. In this 
manner, the locking device 1015 may be controllably coupled to a tubular member 
to thereby maintain the tubular member in a substantially stationary position. As 
will be recognized by persons having ordinary skiU in the art, the operating 
pressures and physical shape of the inlet passages 1020, actuating chambers 1025, 
and locking members 1030 will determine the maximum amount of holding force 
provided by the locking device 1015. In several alternative embodiments, fluidic 
materials may be injected into the locking device 1015 using a dedicated fluid 
passage in order to provide precise control of the locking device. In several 
alternative embodiments, the locking de^ce 1015 may be omitted and the tubular 
sappoTt member 1 005 coupled directly to the tubular support member 1035. 

One end of a tubular support member 1035 that defines a passage 1 040 is 
coupled to the locking device 1015. The passage 1040 is fluidicly coupled to the 
passage 1020. An expansion cone 1045 fliat defines apassage 1050 and includes an 
out^ conical surface 1055 is coupled to anodier end of the tubular support menibCT 
1035. An expansion cone launcher 1060 is movably coupled to and supported by 
tile expansion cone 1045. The expansion cone launcher 1060 includes an upper 
portion 1 060a having an upper outside diameter, an intermediate portion 1060b that 
mates with the expansion cone 1045, and a lower portion 1060c having a lower 
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. outside diameter. The lower outside diameter is greater than the upper outside, 
diameter. _ 

A shoe 1065 that defines a valveable passage 1070 is coupled to. the lower 
portion 1060c of the expansion cone launcher 1060. In this manner, a region 1075 
5 below the expansion cone 1045 and bounded by the expansion cone launcher 1 060 
and the shoe 1065 may be pressurized and fluididy isolated from the annular region 
between the apparatus 1000 and the wellbore 10. 

An expandable tubular member 1080 is coupled to the upper poi:tion of the 
expansion cone launcher 1060. In several alternative embodiments, one or more 

10 sealing members are coupled to the exterior of the vipper portion of the expandable 
tubular member 1080. In several alternative embodiments, the sealing members 
may include elastomeric elements and/or metallic elements and/or con9>osite 
elements. In several alternative embodiments, one or more anchoring elements may 
substituted for, or used in addition to, the sealing members. 

15 An expansion cone 1085 defining a passage 1090 for receiving the tubular • ' 

support member 1005 includes an outer conical surface 1095. A tubular support 
member 1 100 defining a passage 1 105 for receiving the tubular, support member 
1005 is coupled to the bottom of the expansion cone 1085 for supporting and 
actuating the expansion cone. 

20 In a preferred embodiment, the support members 1005 and 1035, the 

expiansion cone 1045, the expansion cone launcher 1060, the shoe 1065, and the 
expandable tubular member 1080 are provided substantially as disclosed in one or 
more of the following: (1) U.S. patent application serial no. 09/454,139, attorney 
docket no. 25791.03.02, filed on 12/3/1999, (2) U.S. patent explication serial no. 

25 09/510,913, attorney docket no. 25791.7.02, filed on 2723/2000, (3) U.S. patmt 
ai^lication serial no. 09/502,350, attorney docket no. 25791.8.02, filed on 
2/10/2000, (4) U.S. patent application serial no. 09/440,338, attorney docket no. 
. 25791.9.02, filed on 1 1/15/1999, (5) U.S. patent appUcation serial no. 09/523,460, 
. * attorney docket no. 25791 . 1 1 .02, filed on 3/10/2000, (6) U.S. patent ?ipplication 

30 serial no. 09/512,895, attorney docket no. 25791.12.02, filed on 2/24/2000, (7) U.S. 
patent application serial no. 09/51 1,941, attorney docket no. 25791.16.02, filed on 



2/24/2000, (8) U.S. patent application serial no. 09/588,946, attorney docket no. 

25791.17.02, filed on 6/7/2000, (9) U.S. patent application serial no. 09/559,122. 

attorney docket no. 25791 .23.02, filed on 4/26/2000, (10) PCX patent application 

serial no. PCT/USOO/18635, attorney docket no. 25791.25.02, filed on 7/9/2000, 
5 (11) U.S. provisional patent application serial no. 60/162,671, attorney docket no. 

25791 .27, filed on 1 1/1/1999, (12) U.S. provisional patent application serial no. 

60/154,047, attorney docket no. 25791.29, filed on 9/16/1999, (13) U.S. provisional 

patent application serial no. 60/159,082, attorney docket no. 25791.34, filed on 

10/12/1999, (14) U.S. provisional patent ^plication serial no. 60/159,039, attorney 
10 docket no. 25791.36, filed on 10/12/1999, (15) U.S. provisional patent application 

serial no. 60/159,033, attorney docket no. 25791.37, filed on 10/12/1999, (16) U.S. 

provisional patent application serial no. , attorney docket no. • 

25791.38, filed on 6/1 9/2000, (17) U.S. provisional patent application serial no. 

60/165,228, attorney docket no. 25791.39, filed on 1 1/12/1999, (18) U.S. 
1 5 provisional patent application serial no. , attorney docket no. 

25791.45, filed on 7/28/2000, (19) U.S. provisional patent application serial no. 

, attorney docket no. 25791 .46, filed on 7/28/2000, and (20) U.S. 

provisional patent application serial no. , attorney docket no. 

25791.47, filed on 9/18/2000, the disclosures of which are incorporated herein by 
20 reference. 

As illustrated in Fig. 8b, in a preferred embodiment, during placement of the 
^aratus 1000 within the wcllbore 10, fluidic materials 1 1 10 wifliin the wcllbore 10 
are conveyed through the apparatus 1000 flirough the passages 1010, 1020, 1040 and 
1070 to a location above the apparatus 1000. In this manner, surge pressures during 

25 placement of the apparatus 1000 within the wellbore 10 are reduced. In a preferred 
embodiment, the apparatus 1000 is initially positioned within the wellbore 10 such 
that the top portion of the tubular member 1080 overlaps with the recess 910 of the 
preexisting casing 900.. In this manner, the upper portion of the expandable tubular 
member 1080 may be radially expanded into contact with and coupled to the recess 

30 910 of the preexisting casing 900. 
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As illustrated in Fig. 8c, a fluidic material 1115 may then be injected through 
the apparatus 1000 through the passages lOlO, 1020, 1040, and 1070 in order to test 
the proper operation of these passages. 

As illustrated in Fig. 8d, a hardenable fluidic sealing material 1 120 may then 
5 be injected through the apparatus 1000 through the passages 1010, 1020, 1040, and 
1070 into the annulus between the apparatus and fee wellbore 10. In this manner, an 
annular barrier to fluid migration into and out of fee wellbore 10 may be formed 
around the radially expanded expansion cone launcher 1060 and expandable tubular 
inerribcr 1080. The hardenable fluidic sealing material may include, for example, a 

1 0 cement mixture. In several alternative embodiments, fee injection of fee hardenable 
fluidic sealing material 1 120 may be omitted. Jn several alternative embodiments, 
fee bardenable.fluidic sealing material 1120 is con:q>ressible, before, during and/or 
after, fee curing process. 

As illustrated in Fig. 8e, a non^hardehable fluidic material 1 125 may then be 

15 injected into fee apparatus 1000 throu^ fee passages 1010, 1020 and 1040. A ball 
plug 1 1 30, or ofeer sirnilar device, may feeii be injected wife fee fluidic material 
1 125 to feereby seal off fee passage 1070. In this manner, fee region 1 075 may be 
pressurized by fee continued injection of fee fluidic material 1 125 into fee apparatus 
1000. Furfeermore, in feis inanner, fee actuating chambers, 1025a and 1025b, of fee 

20 locking device 1 0 15 may be pressurized. In this maimer,, fee tubular member 1 080 
may be held in a substantially stationary position by fee locking device 1015. 

As illustrated in Fig. 8f^ fee e}q)ansion cone 1085 may feen be actuated in fee 
downward direction by a direct application of axial force using fee support member 
1 1 00 and/or through fee application of fluid force. The axial displacement of fee 

25 expansion cone 1085 may plastically deform and radially expand fee upper portion 
of fee expandable tubular member 1080. In this manner, fee upper portion of fee 
expandable tubular member 1080 may be precisely coiq)led to fee recess 910 of fee 
preexisting casihg 900. 

During fee downward actuation of fee expansion cone 1085, fee locking 

30 member 1015 preferably prevents axial displacement of fee tubular member 1080. 
In a preferred embodiment, fee locking member 1015 is positioned proximate fee 
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upper portion of the. tubular member 1080 in order to prevent buckling of the tubular 
member 1080 (during the radial expansion of tiie upper portion of the tubular 
niember. In an alteniative embodiment, the locldng.member lOlS is omitted and the 
interference between the intermediate portion 1060b of the expansion cone launcher 
5 1060 and the expansion cone 1045 prevents the axial displacement of the tubular 
member 1080 during the radial expansion of the upper portion of the tubular 
member. 

As illustrated in Fig. 8g, the expansion cone 1085 and 1 100 may then be 
raised but of the wellbore 10. 

As illustrated in Fig. 8h, the continued injection of tiie fluidic material 1 125 
into the apparatus 1000 may then cause the expansion cone launcher 1060 and the 
expandable tubular member 1080 to be plastically deformed and radially expanded 
off of the expansion cone 1045, In this manner, the expansion cone 1045 is 
displaced relative to the expansion cone launcher 1060 and expandable tubular 
member 1080 in the axial direction. In a preferred embodiment, the axial forces 
created during the radial expansion process are greater than the axial forces 
generated by the locking device 1015. As will be recognized by persons having 
ordinary iskill in the art, the precise relationship between these axial forces will vary 
as a function of the operating characteristics of the locking device 1015 and the 
metallurgical properties of the expansion cone launcher 1060 and expandable 
tubular 1080. In an alternative embodiment, the operating pressures of the actuating 
chambers, 1025a and 1025b, and the region 1075 are separately controllable by 
providing separate and dedicated fluid passages for pressurizing each. 

As illustrated in Fig. 8i, after couq)leting the plastic deformation and radial 
e7q>ansion of tiie tubular niember 1080, the hardenable fluidic sealing material is 
allowed to cure to thereby form an annular body 1 130 fliat provides a barrier to fluid 
flow into or out of the wellbore 10. TTie shoe 1065 may thai removed by drilling 
out Ac shoe using a conventional drilling device. A new secticni of the wellbore 1 0 
may also be drilled out in order to permit additional expandable tubular members to 
be coupled to the bottom portion of the plastically deformed and radially expanded 
tubular member 1080. 
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. In an alternative embodiment, the annular body 1 130 may be omitted. In 
several alternative embodiments, the annular body 1 130 may be radially compressed 
before, during and/or after curing. 

Referring to Fig. 8j, the tubular member 1080 may be radially expanded 
5 again using one or more of the methods described above to provide an mono- 
diameter wellbore casing. 

Refenring to Fig. 9a, a wellbore 1200 includes an upper preexisting casing 
1205 and a lower preexisting casing 1210. The casings, 1205 and 1210, may further 
include outer annular layers of fluidic sealmg materials such as, for example, 
10 cement The ends of the casings, 1205 and 1210, are sqwratedby a gap 1215. 

Referring to Fig. 9b, a tubular member 1220 may then be coupled to the 
opposing ends of the casings, 1205 and 1210, to thereby bridge the gap 1215. In a 
preferred embodiment, the tubular member 1220 is coupled to the opposing ends of 
the casings, 1205 and 1210, by plastically deforming and raidially expanding the 
1 5 tubular member 1220 using one or more of the methods and ^^paratus described and 
referenced above. 

Referring to Fig. 9c, a radial expansion device 1225 may flien be positioned 
within the tubular member 1220. In a preferred embodiment, the length of the radial 
expansion device 1225 is greater than or equal to the axial lengdi of the tubular 

20 member 1220. In several alternative embodiments, the radial expansion device 1225 
may be any number of conventional radial expansion devices such as, for exaiiQ>le, 
expansion cones actuated by hydraulic and/ordirect axial force, roUo: expansion 
devices, and/or expandable hydraulic bladders. 

Referring to Figs. 9d and 9e, after actuation and subsequent de-actuation and 

25 removal of the radial expansion device 1225, the inside diameto^ of the casiiigs, 
1205 and 1210, are substantially equal to the inside diameter of the tubular member 
1220. In this manner, a mono-diameter wellborexasing may be formed. 

Referring to Fig. 10, a wellbore 1300 includes an outer tubular member 1305 
and an inner tubular member 13 10. In a preferred embodiment, the tubular 

30 members, 1 305 and 1 3 1 0, are plastically deformed and radially expanded using one 
or more of the methods and apparatus described and referenced above. In this 
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manner, a wellbwe casing niay be provided whose burst and 

be precisely controUed by. varying the number, thickness, and/or material properties 

of (he tubular members, 1305 and 13 10. 

Referring to Fig, 1 la, a wellbore 1400 includes a casing 1405 that is coupled 
to ^ preexisting casing 1410. In a preferred embodiment, one or more sealing 
members 14 15 are coupled to the exterior of the upper portion of Ac tubular 
member 1405 in order to optimally seal the interface between the tubular member 
1405 and the preexisting casing 14 10. In a preferred embodiment, the tubular • 
member 1 405 is plastically deformed and radially expanded using conventional 
methods and/or one or more of the methods and ^paratus described and referenced 
above. In an exemplary embodiment, the outside diameter of the tubular member 
1405 prior to the radial expansion process is ODo, the wall thickness of the tubular 
member 1405 prior to the radial expansion process is to, the outside diameter of the 
tubular member following the radial expansion process is OD,, and the wall 
thickness of the tubular member following the radial expansion process is ti; 

Referring to Fig. lib, a tubular member 1420 may then be coupled to the 
lower portion of the tubular niember 1405 by plastically deforming and radiaUy 
expanding the tubular member 1420 using conventional methods and/or one or more 
of the methods and apparatus described and referenced above. In a preferred 
embodiment, the exterior surface of the upper portion of the tubular member 1420 
includes one or more sealing members for sealing the interface between the tubular 
member 1420 and the tubular member 1405. 

Referring to Fig. He, lower portion of the tubular member 1405 and the 
tubular member 1420 may be radially expanded again to provide a mono-diameter" 
wellbore casing. The additional radial expansion may be provided using 
conventional methods and/or one or more of the methods and apparatus described 
and refo-enced above. In an exemplary embodiment, the outside diameter and wall 
thickness of the lower portion of the tubular member 1405 after the additional radial 
expansion process are ODj and tj. 

The radial expansion process of Figs. 1 Ib-l Ic can Aen be repeated to 
provide a mono-diameter wellbore casing of virtually unlimited length. 
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In several altraiative embodiments, ttie ordering of the radial expansions of 
- the tubular members, 1405 and 1420, may be changed. For exanqjle, the first 
tubular member 1405 may be plastically deformed and radialh expanded to provide 
a lower portion having tfie outside diameter OD2 and the rem?., iiig portion haying 
5 the outside diameter ODi, The tubular member 1420 may then be plastically 

deformed and radially expanded one or more times until the inside diameters of the 
tubular members, 1405 and 1420, are substantially equal. The plastic deformations 
and radial expansions of the tubular members, 1405 and 1420, inay be provided 
using conventional methods and/or one or inore of flie methods and apparatus 
10 described and refCTenced above. 

In an exenqplary embodiment, Ac total expansion strain E of the tubular 
member 1405 may be expressed by the following equation: 
E^{OD^'OD^)/OD, (1) 
where " ODq = original outside diameter; 
1 5 0D| = outside diameter after 1'* radial expansion; and 

OD2 = outside diameter after 2"** radial expansion. 
Furthmnore, in an exemplary embodiment, where: (1) the exterior surface of 
the upper portion of the tubular membier 1420 includes sealing members, and (2) the 
radial spacing between the tubular member 1405 and the wellbore 1400 prior to the 
20 first radial expansion is equal to d, the outside diameters, ODi and OD2, of flie 
tubular member 1405 following ttie first and second radial expansions may be 
^pressed as: 

OZ>, = Oi)o + 2rf+2/, (2) 
OZ3tj = OD, + 2ie+2f2. (3) 

where ODo ' = the original outside diameter of the tubular 
25 member 1405; 

OD} = the outside diameter of the tubular member 

1405 following the first radial expansion; 
OD2 - the outside diameter of the tubular member 

1405 following the second radial e3q)ansion; 
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d == the radial spacing between the tubular 

member 1405 and th&wellbore prior to the first 
radial expansion; 
ti = flic wall fliickness of the tubular member 

^ 1 405 after the first radial e;g)ansion; 

tz = flie wall thickness ofthe tubular member 

1405 after the second radial expansion; and 
R the thickness of sealing member provided on 

the exterior surface of the tubular member 1 420. 
1 0 Furthermore, in an exemplary embodiment, for d approximately equal to 0.25 

inches and R approximately equal to 0. 1 inches, equation ( I) can be approximated 
as: 

E^{0J\3Jt,)fOD, (4) 

where to = flie original wall thickness of flie tubular 

15 . member 1405* 

In an exemplary embodiment, the total expansion strain of the tubular 
member 1405 should be less than or equal to 0.3 in order to maximize the burst and 
collapse strength of the expandable tubular member. Therefore, firom equation (4) 
the ratio of the original outside diameter to the original wall fliickAess (ODo/t©) may 
be expressed as: 

OD^/t^>3£/{Q3-0J/ODQ) (5) 
Thus, in a preferred embodiment, for ODo less flian 10 inches, the optimal 
ratio of flie original outside diameter to flie original wall thickness (OD(/tb) may be 
expressed as: 

In this manner, for typical tubular members, the burst and coll^se strength 
of the tubular members following one or more radial e;q)ansions are inaximized 
when the relationship in equation (6) is satisfied. Furthermore, the relationships 
expr^ed in equations (i) flirough (6) are valid regardless of the order or type of flie 
radial expansions of the tubular member 1405. More generally, iflie relationships 



49 



expressed in equations (1) through (6) may be applied to the radial expansion of 
structures having a wide range of profile such as, for example, triangular, 
rectangular, and oval. 

An apparatus for plastically deforming and radially expanding a tubular 
5 member has been described that includes means for plastically deforming and 
radially expanding a first portion of die tubular member to a first outside diameter, 
and means for plastically deforming and radially expanding a second portion of the 
tubular member to a second outside diameter. In a preferred embodiment, the first 
• outside diameter is greater than the second outside diameter. In a preferred 

10 embodunent, the means for plastically deforming and radially expanding the first 
portion of the tubular member to the first outside diameter is removable. In a 
preferred embodiment, the means for plastically deforming and radially ejqpanding 
thefirstportionofthetubularmemberto the first outside diameter is frangible. In a 
preferred embodiment, the means for plastically deforming and radially expanding 

15 the first portion ofdie tubular mernber to the first outside diameter is elastic. In a 
preferred embodiment, the means for plastically deforming and radially expanding 
the first portion of the tubular member to the first outside diameter includes means 
for applying a radial force to the first portion of the tubular member. In a preferred 
embodiment, the means for plastically deforming and radially expanding tiie first 

20 portion of tiie tubular member to the first outside diameter is inflatable. In a 

preferred embodiment, the means for plastically deforming and radially expanding 
.tiie first portion of the tubular member to tiie first outside diameter includes rolling 
means for applying radial pressure to the first portion of the tubular member. 
An apparatus for plastically deforming and radially expanding a tubular 

25 member has also been described that includes a tubular support member including a 
first fluid passage, an expansion cone coupled to the tubular support member having 
a second fluid passage fluidicly coupled to the first fluid passage and an outer 
conical surface, a removable annular conical sleeve coupled to the outer conical 
surface of the expansion cone, an annular expansion cone launcher coupled to the 

30 conical sleeve and a lower portion of the tubular member, and a shoe having a 

valveable passage coupled to ah end of the expansion cone launcher. In a preferred 
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embodiment, the conical sleeve is frangible. In a preferred embodiment, the conical 
sleeve is elastic. In a prejfened embodiment, the conical sleeve includes a plxirality 
of arcuate elements. 

A method of plastically deforming and radially expanding a tubular member 
has also been described that includes plastically deforming and radially expanding a 
portion of the tubular member to a first outside diameter, and plastically deforming 
^ and radially expanding another portion of the tubular member to a second outside 
diameter. In a preferred embodiment, the first diameter is greater than die second 
diameter. In a preferred embodiment, plastically deforming and radially expanding 
the portion of the tubular member includes applying a radial force to the portion of 
the tubular member using a conical sleeve. In a preferred embodiment, conical 
sleeve is frangible. In a preferred embodiment, the conical sleeve is elastic. In a 
preferred embodiment, the conical sleeve includes a plurality of arcuate elements. 
In a preferred embodiment, plastically defonning and radially expanding the portion 
of the tubular member includes applying a radial force to tiie portion of the tubular 
member using an inflatable bladder, in a preferred embodiment, plastically 
deforming and radially expanding the portion of the tubular member includes 
applying a radial force to the portion of the tubular member using a roller expansion 
device. 

A method of coiq)ling a first tubular member to a second tubular member has 
also been described that includes plastically deforming and radially expanding a first 
portion of the first tubular member to a first outside diameter, plastically deforming 
and radially expanding another portion of the first tubular member to a second 
outside diameter, positioning the seconid tubular member inside the first tubular 
member in overlapping relation to the first portion of the first tubular member, 
plastically deforming and radially expanding the second tubular member to a third 
outside diameter, and plastically defonning and radially expanding the second 
tubular member to a fourth outside diameter. The inside diariwters of the first and 
second tubular'members after the plastic deformations and radial e^q^ansions are 
substantially equal. In a preferred embodiment, the first outside diameter is greater 
than the second outside diameter. In a preferred embodiment, plastically deforming 
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and radially expanding the first portion of the first tubular member includes .applying 
a radial force to the portion of the tubular member using a conical sleeve; In a 
preferred embodiment, the conical sleeve is fitmgible. In a preferred embodiment, 
the conical sleeve is elastic. In a preferred embodiment, the conical sleeve includes 

5 a plurality of arcuate elements. In a preferred embodiment, plastically deforming 
and radially expanding the first portion of the first tubular member includes applying 
. a radial force to die first portioji of flie first tubular member using an inflatable 
bladder. In a preferred embodiment, plastically deforming and radially expanding 
the.first portion of the first tubular member includes applying a radial force to the 

1 0 first portion of the first tubular member usinp a roller expansion device. 

An apparatus for coupling a first tubular meitiber to a second tubular member 
has also been described that includes means for plastically deforming and radially 
expanding a iSrst portion of the first tubular mcnaber to a first outside diameter, 
. means for plastically deforming and radially expanding another portion of the first 

15 tubular member to a second outside diameter, means for positioning the second 
tubular member inside the first tubular member in overlapping relation to the first 
portion of the first tubular member, means for plastically deforming and radially 
expanding the second tubular member to a third outside diameter, and means for 
plastically deforming and radially expanding the second tubular member to a fourth 

20 outside diameter. The inside diameters of the first and second tubular memb^ after 

the plastic deformations and radial expansions are substantially equal. In a preferred 

♦ 

embodiment, the first outside diameter is greater than the second outside diameter. 
In a preferred embodiment, the means for plastically deforming and radially 
expanding the first portion of the first tubular member includes means for applying a 

25 mdial force to the portion of the tubular member using a conical sleeve. In a 

preferred embodiment, the conical sleeve is fi^gible. In a preferred embodiment, 
the conical sleeve is elastic. In a preferred embodiment, the conical sleeve includes 
a plurality of arcuate elements. In a preferred embodiment, the means for plastically 
deforming and radially expanding the first portion of the first tubular member 

30 includes means for applying a radial force to the first portion of the first tubular 
member using an inflatable bladder. In a preferred embodiment, the means for 
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plastically deforming and radially expanding the first portion of the first tubular 
member includes means for applying a radial force to the first portion of the first 
tubular member using a roller expansion device. 

An apparatus for forming a wellbore casing within a wellbore has also been 
described that includes means for supporting a tubular member within the wellbore, 
means for plastically deforming and radially expanding a first portion of the tubular 
member to a first outside diameter, and means for plastically deforming and radially 
expanding a second portion of the tubular member to a second outside diameter. In 
a preferred embodiment, the first outside diameter is greater than the second outside 
diameter. In a preferred embodiment, the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside 
diameter is removable. In a preferred embodiment, the means for plastically 
deforming and radially expanding the first portion of the tubular member to the first 
outside diameter is frangible: In a preferred embodiment, the means for plastically 
deforming and radially expanding the first portion of the tubular member to the first 
outside diameter is elastic! In a preferred embodiment, the means for plastically 
deforming and radially expanding the first portion of the tubular member to the first 
outside diameter includes ineans for applying a radial force to the first portion of the 
tubular member. In a preferred embodiment, the means for plastically deforming 
and radially expanding the first portion of the tubular member to the first outside 
diameter is inflatable. In a preferred embodiment, the means for plastically 
deforming and radially expanding the first portion of the tubular member to the first 
outside diameter includes rolling means for applying radial pressure to the first 
portion of the tubular member. In a prefen«d embodiment, the apparatus fu^ 
includes means for forming an annular body of a fluidic scaling material wifliin an 
annulus between the tubular member and the wellbore. 

An apparatus for forming a wellbore casing within a wellbore has also been 
described that includes a tubular siq>port member including a first fluid passage, an 
expansion cone coupled to tfae'tubular support member having a second fluid 
passage fluidicly coupied to the first fluid passage and an outer conical surface, a 
removable annular conical sleeve coupled to the outer conical surface of the 
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expansion cone, an annular expansion cone launcher coupled to the conical sleeve 
and a lower portion of the tubular member, and a shoe having a valveable passage 
coupled to an end of the expansion cone launcher, hi a preferred embodiment, .the 
conical sleeve is frangible, hi a preferred embodiment, die conical sleeve is elastic. 
5 bi a prefmed embodiment, die conical sleeve includes a plurality, of arcuate 
elements.. 

A method of forming a wellbore casing within a wellbore has also been 
described that includes supporting a tubular member within a wellbore^ plastically 
deforming and radially expanding a portion of the tubular member to a first outside 

1 0 diameter, and plastically deforming and radially expanding another portion of the 
tubular member to a second outside diameter. In a preferred embodunent, the first 
diameter is greater than the second diameter, hi a preferred embodiment, plastically 
defonning and radially expanding Ibe portion of the tubular meniber includes 
^plying a radial force to the portion of the tubular nleihber using a conical sleeve. 

15 hi a preferred embodiment, the conical sleeve is fiangible. hi a preferred 

embodiment, the conical sleeve is elastic, hi a preferred embodiment, the conical . 
sleeve includes a plurality of arcuate elements, hi a preferred embodiment, 
plastically deforming and radially expanding the portion of the tubular member 
includes applying a radial force to the portion of the tubular member using an 

20 inflatable bladder, hi a preferred embodiment, plastically defonning and radially 
expanding the portion of the tubular niember includes applymg a radial force to the 
portion of the tubular member usmg a roller expansion device. In a preferred 
embodiment, die method fiirtiier uichides mjecting an annulac body of a hardenable 
fluidic sealing material into an aimulus between the tubular member and the 

25 wellbore. In a prefen^ed embodiinent, the method further includes cu^ 
body of hardenable fluidic sealing material. 

A method of forming a mono-diameter wellbore casing within a wellbore has 
also been described that includes siq)porting a first tubular member within the 
wellbore, plastically deforming and radially expanding a first portion of the first 

30 tubular member to a first outside diameter, plastically defonning and radially 

expanding another portion of the first tubular member to a second outside diameter. 
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positioning the second tubular member inside the fct tubular 
overlapping relation to the first portion of the first tubular member, plastically 
deforming and radially expanding the second tubular m«nber to a third outside 
diameter, and plastically deforming and radially expanding the second tubular - 
5 niembar to a fourth outside diameter. The inside diameters of the first and second 
tubular members after the plastic deformations and radial e3q)ansions arc 
substantially equal. In a preferred embodiment, the first outside diameter is greater 
than Ac second outside diameter. In a preferred embodiment, plastically defOTming 
and radially expanding the first portion of the first tubular member includes applying 
1 0 a radial force to the portion of the tubular member using a conical sleeve. In. a 
preferred embodiment, the conical sleeve is fi-angible. In a preferred embodiment, 
the conical sleeve is elastic. In a preferred embodiment, the conical sleeve includes 
a plurality of arcuate elements. In a preferred embodiment, plastically deforming 
and radially expanding tiie first portion of the first tubular member includes applying 
15 a radial force to the first portion of the first tubular member using an inflatable 
bladder. In a preferred embodiment, plastically deforming and radially expanding 
the first portion of the first tubular member includes applying a radial force to the 
first portion of the first tubular member using a roller expansion device. In a 
preferred embodiment, the method further includes injecting an annular body of a 
20 hardenable fluidic sealing material into an annulus between the first tubular member 
and the wellbore. In a preferred embodiment, flie method fiirther includes curing the 
annular body of hardenable fluidic sealing material. In a preferred embodiment, the 
method fiirther includes injecting an annular body of a hardenable fluidic sealing 
material into an annulus between the second tubular member and the wellbore. In a 
25 preferred embodiment^ the method fiirther includes curing the annular body of 
hardenable fluidic sealing material. 

An apparatus for coupling a first tubular member to a second tubular member 
has also been described fliat includes means for plastically deforming and radially^ 
expanding a first portion of tiie first tubular member to a first outside diameter, 
30 means for plastically deforming and radially expanding another portion of the first " 
tubular member to a second outside diameter, means for positioning the second 



55 



tubular member inside the first tubular member in overl^ping relation to the first 
portion of the first tubular member, means for plastically deforming and radially 
expanding the second tubular member to a third outside diameter, and means for 
plastically deforming and radially expanding the second tubular member to a fourth 
outside diameter. The inside diameters of the first and second tubular members afler 
the plastic deformations and radial expansions arc substantially equal. In a preferred 
embodiment, the first outside diameter is greater than the second outside diameter. 
In a preferred embodiment, tiic means for plastically deforming and radially 
expanding the first portion of die first tubular member includes means for applying a 
radial force to the portion of the tubular member using a conical sleeve. In a 
preferred embodiment, the conical sleeve is fi:angible. In a preferred embodiment, 
the conical sleeve is elastic. In a preferred embodiment, the conical sleeve includes 
a plurality of arcuate elements. In a preferred embodiment, the means for plastically 
defomiing and radially expanding the first portion of the first tubular member 
includes means for ^plying a radial force to the first portion of the first tubular 
memib^ using an inflatable bladder. In a preferred embodiment, the means for 
plastically deforming and radially expanding the first portion of the first tubular 
member includes means for applying a radial force to the first portion of the first 
tubular member using a roller expansion device. In a preferred eiribodiment, the 
apparatus furdier includes means for injecting an annular body of a hardenable 
fluidic sealing material into an annulus between the first tubular member and the 
wellbore. In a preferred embodiment, the apparatus further includes means for 
curing the annular body of hardenable fluidic sealing material. In a preferred 
embodiment, the apparatus further includes means for injecting an annular body of a 
hardenable fluidic sealing material into an annulus between the second tubular 
member and the wellbore. In a preferred embodiment, the ^jparatus further includes 
means for curing the annular body of hardenable fluidic sealing material. 

An apparatus for plastically deforming and radially expanding a tubular 
member has also been described that includes means for providing a lipped portion 
in a portion of the tubular member, and means for plastically deforming and radially 
expanding another portion of the tubular member. 
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An apparatus for plastically deforming and radially expanding a tubular 
nienibcr has also been described that includes a tubular support member including a 
first fluid passage, an expansion cone coupled to the tubular support member having 
a second fluid passage fluidicly coupled to the first fluid passage and an outer 
conical surface, an annular expansion cone launcher including: a first annular 
portion coupled to a lower portion of the tubular member, a second annular portion 
coupled to the first annular portion that mates with the outer conical surface of the 
expansion cone, a third annular portion coupled to the second annular portion having 
a first outside diameter, and a fourth annular portion coupled to the third annular 
portion having a second outside diameter, wherein the second outside diameter is 
less than the first outside diameter, and a shoe having a valveable passage coupled to 
fourth annular portion of the expansion cone launcher, 

A method of plastically deforming and radially expanding a tubular member 
has also been described that includes providing a lipped portion in a portion of the 
tubular member, and plastically deforming and radially expanding another portion of 
the tubular member. 

A method of coupling a first tubular member to a second tubular meniber has 
also been described that includes providing a lipped portion in a portion of the first 
tubular member, plastically deforming and radially expanding another portion of the 
first tubular member, positioning the second tubular member inside the first tubular 
member in overlapping relation to the lipped portion of the first tubular member, and 
plastically deforming and radially expanding the second tubular meniber. The mside 
diameters of the first and second tubular members after the plastic deformations and 
radial expansions are isubstantially equal. 

.An apparatus for coupling a first tubular number to a second tubular membo* 
has also been desoibed that includes means for providing a lipped in the first tubular 
member, means for plastically deforming and radially e7q)anding another portion of 
the first tubular meniber, means for positioning die second tubular member inside 
the first tubular member in overlapping relation to the lipped portion of the first 
tubular member, and means for plastically deforming and radially expanding the 
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second tubular member. The inside diameters of the first and second tubular 
members after the plastic deformations and radial expansions are substantially equal. 

An apparatus for forming a wellbore casing within a wellbore has also been 
described that includes means for supporting a tubular member within the wellbore, 
5 means for providing a lipped portion in the tubular member, and means for 

plastically deforming and radially expanding another portion of the tubular member 
to a second outside diameter. 

An apparatus for forming a wellbore casing within a wellbore has also been 
desoibed diat includes a tubular support member including a first fluid passage, an 

1 0 expansion cone coupled to the tubular support member having a second fluid 

passage fiuidicly coupled to the first fluid passage and an outer conical surface, an 
annular expansion cone launcher including: a first annular pcHtion coupled to a 
lower portion of tfie tubular member, a second annular portion coupled to the first • 
annular portion that mates with the outer conical surface of the expansion cone, a 

1 5 third annular portion coupled to the second annular portion having a first outside 
diameter, and a fourth annular portion coupled to the third annular portion having a - 
second outside diameter, wherein the second outside diameter is less flian the first 
outside diameter, and a shoe having a valveable passage cotq>led to fourth annular 
portion of the expansion cone launcher. 

20 A method of fonning a wellbore casing in a wellbore has also been described 

that includes ^pporting a tubular member within the wellbore, providing a lipped 
portion in a portion of the tubular member, and plastically deforming and radially 
expanding another portion of the tubular member. In a preferred embodiment, the 
method fiirdier includes injecting a hardeoable fluidic sealing material in an annulus 

25 betw^een the tubular member and Ifae wellbore. In a preferred embodiment, the 
method further mcludes curing the fluidic sealmg material. 

A method of forming a mono-diameter wellbore casing within a wellbore has 
also been described that includes supporting a first tubular member within &^ 
wellbore, providing a lipped portion in a portion of the first tubular member, 

30 plastically deforming and radially expanding another portion of the first tubular 
member, positioning the second tubular member inside the first tubular member in 
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overlapping relation to the lipped portion of the first tubular member, and plastically 
deforming and radially expanding the second tubular member. The inside diameters 
of the first and second tubular members after the plastic deformations and radial 
expansions are substantially equal. In a preferred embodiment, the method fiirther 
includes injecting a hardenable fluidic sealing material in an annulus between the 
first tubular member and the wellbore. In a preferred embodiment, the method 
further includes curing the fluidic sealing material. In a preferred embodiment, the 
method further includes injecting a hardenable fluidic sealing material m an annulus 
between the second tubular member and the wellbore. In a preferred embodiment, 
the method further includes curing the fluidic sealing material. 

An apparatus for forming a mono-diameter wellbore casing within a wellbore 
has also been described that includes means for providing a lipped in the first tubular 
member, means for plastically deforming and radially expanding another portion of 
the first tubular member, means for positioning the second tubular member inside 
the first tubular member in overlapping relation to the lipped portion of the first 
tubular member, and means for plastically deforming and radially expanding the 
second tubular member. The inside diameters of the first and second tubular 
members after tiie plastic deformations and radial expansions are substantially equal. 
In a preferred embodiment, the apparatus further includes means for injecting a 
hardenable fluidic sealing material in an annulus between the first tubular member 
and the wellbore. In a preferred embodiment, the apparatus finlher includes means 
for curing the fluidic sealing material. Jn a preferred embodiment, the apparatus 
further includes means for injecting a hardenable fluidic sealing material in an 
annulus between the second tubular memb^ and the wellbore. In a preferred 
embodiment, the apparatus further includes' noteams for curing the fluidic sealing 
material. 

An apparatus for plastically deforming and radially expanding a tubular 
member has also been described that includes means foe plastically deforming and 
radially expanding a first end of the tubular member, and means for plastically 
deforming and radially ocpanding a second end of the tubular memb^. In a 



59 



preferred embodiment, the apparatus further includes means for anchoring the 
tubular member during the radial expansion. 

An apparatus for plastically deforming and radially expanding a tubular 
member has also been described that includes a tubular support meniber including a 
5 first passage, an expansion cone coupled to the tubular support having a second 
passage fluidicly coupled to the first passage and an outer conical surface, an 
annular expansion cone launcher movably coupled to outer conical surface of the 
expansion cone» an expandable tubular member coupled to an end of the annular 
. expansion cone launcher, a shoe coupled to another end of the annular expansion 

10 cone launcher having a valveable fluid passage, and another annular expansion cone 
movably coupled to the tubular support member. The aimular expansion cones are 
positioned in opposite orientations. In a preferred embodiment, the annular 
expansion cone is adapted to plastically deform and radially expand a first end of the 
expandable tubular member and the other annular expansion cone is adapted to 

15 plastically deform and radially expand a second end of the expandable tubular 
member. In a preferred embodiment, the apparatus further includes an anchoring 
member coupled to the tubular support member adapted to hold the expandable 
tubular. 

A method of plastically deforming and radially expanding a tubular member 
20 has also been described that includes plastically deforrning and radially expanding a 
first end of the tubular membo:, and plastically deforming and radially expanding a 
second end of the tubular member. In a preferred embodinient, the method fiirther 
includes anchoring Hic tubular member during the radial e3q>ansion. In a preferred 
embodiment, the first end of the tubular member is plastically deformed and radially 
25 expanded before the second end. In a preferred embodiment, plastically deforming 
and radially expanding the second ^d of ibc tubular member includes injecting a 
fluidic material into the tubular member. 

A method of coupUng a first tubular meiiiber to a second tubular tneinber has 
also been described that includes positioning the second tubular member inside the 
30 first tubular member in an overlapping relationship, plastically deforming and 

radially expanding the end of the second tubular member that overlaps with the first 
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tubular member, and plastically deforming land radially expanding the remaining 
portion of the second tubular member In a preferred embodiment, the method 
further includes plastically deforming and radially expanding at least a portion of the 
.second tubular member. In a preferred embodiment, the inside diameters of the first 
and second tubular members are substantially equal after the radial expansions. 

An apparatus for coupling a first tubular member to a second tubular member 
has also been described that includes means for positioning the second tubular 
member inside the first tubular member in an overtyping relationship, means for 
plastically deforming and radially expanding the end of the second tubular member 
that overlaps with the first tubular member, and means for plastically deforming and 
radially expanding the remaining portion of the second tubular member. In a 
preferred embodiment, the apparatus further includes means for plastically 
deforming and radially expanding at least a portion of the second tubular member. 
. In a preferred embodiment, the inside diameters of the first and second tubular 
members are substantially equal after the radial expansions. 

An apparatus for forming a wellbore .casing within a wellbore has also been 
described that includes means for supporting a tubular member within the wellbore, 
means for plastically deforming and radially expandmg a first end of the tubular 
member, and means for plastically deforming and radially expanding a second end 
of the tubular member Id a preferred embodiment, the apparatus further iiicludes 
means for anchoring the tubulaf meinber during the radial expansion. In a preferred 
embodiment, the apparatus further includes means for injecting a hardenable fluidic 
sealing material into an aimulus between the tubular member and the wellbore. 

An apparatus for forming a wellbore casing within a wellbore has also been 
desoibed that includes a tubular support member including a first passage, qn ' 
expansion cone coupled to the tubular supped having a second passage fluidicly 
coupled to the first passage and an outer conical sur&ce, an annular expansion cone 
launcher movably .coupled to outer amical surface of the expansic»i cone, an 
expandable tubular membo* coupled to an end of the annular expansion cone 
launcher, a shoe coupled to another end of the annular expansion cone launcher 
having a valveable fluid passage, and another aimular e;q>ansion cone movably 
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coupled to the tubular support member. The amiular expansion cones are positioned 
in opposite orientations. In a preferred embodiment, the annular expansion cone is 
adapted to plastically deform and radially expand a first end of the expandable . . 
tubular member and the oflier anriuiar expansion cone is adapted to plastically 

5 deform and radially expand a second end of the expandable tubular member. In a 
preferred embodiment, the ^aratus fiirflier includes an anchoring member coupled 
to the tubular support member adapted to hold the expandable tubular. 

A method of forming a welibore casing within a wellbore has also been 
described that includes plastically deforming and radially expandmg a first end of 

10 the tubular member, and plastically deforming and radially expanding a second end 
of the tubular member. In a preferred embodiment, the method fiirther includes 
anchoring the tubular member during the radial expansion. In a preferred 
embodiment, the first end of the tubular naember is plastically deformed and radially 
expanded before flie second end. hi a preferred einbodiment, plastically deforming 

15 and radially expanding the second end of the tubular member includes injectmg a 
fluidic material into the tubular member. In a preferred enibodiment, the medipd 
fijTther includes injecting a hardenable fluidic sealing material into an annulus 
between the tubular memba: and the wellbore. 

A method of forming a wellbore casing within a wellbore has also been 

20 described diat includes plastically defomiing and radially expanding a first tubular 
member within the wellbore, positicmng a second tubular member inside the first 
tubular member in an overlapping relationship, plastically deforming and radially 
e)q>anding the end of the second tubular member that overlaps with the first tubular 
member, plastically deforming and radially expanding the remaining portion of the 

25 second tubular member. In a preferred embodiment, the method fiirther includes 
plastically deforming and radially expanding at least a portion of the second tubular 
member. In a preferred embodimCTit,-the inside diameters of the first and second 
tubular members are substantially equal after the radial expansions. In a preferred 
embodiment, the method further includes injecting a hardenable fluidic sealing 

30 material into an annulus between the first tubular member and the wellbore. In a 
preferred enibodiment, the method fiirther includes injecting a hardenable fluidic 
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sealing material into an annulus between the second tubuliar member.and the 
wellbore. 

An apparatus for forming a wellbore casing within a wellbore has also been 
described that includes means for plastically deforming and radially expanding a 
first tubular member within the wellbore, means for positioning the second tubular 
member inside the first tubular member in an overlapping relationship, means for 
plastically deforming and radially expanding the end of the second tubular member 
that overlaps with flie first tubular member, means for plastically deforming and 
radially expanding the remaining portion of the second tubular member. In a 
preferred embodiment, the apparatus further includes means for plastically 
deforming and radially expanding at least a portion of the second tubular member, 
hi a preferred embodiment, the inside diameters of the first and second tubular 
members are substantially equal after the radial expansions. In a preferred 
embodiment, the apparatus further mcludes means for injecting a hardenable fluidic 
sealing material into an annulus between the first tubular member and the wellbore. 
In a preferred embodiment, the apparatus further includes means for injecting a 
hardenable fluidic sealing niaterial into an annulus between the second tubular 
member and the wellbore. 

An apparatus for bridging an axial gap between apposing pairs of wellbore 
casing within a wellbore has also been described that includes means for supporting 
a tubular member in overlapping relation to the opposing ends of the wellbore 
casings, means for plastically dcformmg and radially expanding the tubular member, 
and means for plastically deforming and radially expanding the tubular member and 
the opposing ends of the wellbore casings. 

A me&od of bridging an axial gap between opposing pairs of wellbore casiiig 
within a wellbore has also been described that includes supporting a tubular member 
in overlying relation to Ae opposing ends of the wellbore casings, plastically 
deforming and radially e3q)anding the tubular member, and 
plastically deforming and radially expanding the tubular niembc^ and the of^osing 
ends of the wellbore casings. . ~ 
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. A method of forming a structure having desired strength characteristics has 
also been described that mcludes providing a first tubular member, and plastically 
deforming and radially expanding additional tubular members onto the interior 
•surface of the first tubular member imtil ttie desired strength characteristics are 
5 achieved. 

A method of forming a wellbore casing within a wellbore having desired 
. strength characteristics has also been described that mcludes plastically deforming 
and radially expanding a first tubular memdber within the wellbore, and plastically 
deforming and radially expanding additional tubular members onto the interior 
1 0 surface of the first tubular member until the desired strength characteristics are 
achieved. 

A method of couphng a first tubular member to a seicond tubular member, the 
first tubular member having an origilial outside diameter ODq and an original wall 
' thickness to, has also been described that includes plastically deforming.and radially 

15 expanding a first portion oftfae first tubular member to a first outside diameter, 
plastically deforming and radially expanding another portion of the first tubular 
member to a second outside diameter, positioning the second tubular member inside 
the first tubular member in overlapping relation to the first portion of the first 
tubular member, plastically deforming and radially e}q»anding the second tubular 

20 member to a third outside diameter, and plastically deforming and radially 

expanding the second tubular member to a fourth outside diameter, wherein the 
inside diameters of fiie first and second tubular members after the plastic 
deformations and radial expansions are substantially equal, and 
wherein the rado of the original outside diameter ODq of the.first tubular member to 

25 ' the original wall thickness tb of the first tubular meniber is greater than or equal to 
16. 

A method of forming a mono-diameter wellbore casing has also been 
described that includes positioning a first tubular member within a wellbore, the first 
tubular member having an original outside diameter ODq and an original wall 
30 thickness to, plastically deforming and radially expanding a first portion of the first 
tubular member to a first outside diameter, plastically deforming and radially 
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expanding anotber portion of the first tubular member to a second outside diameter, 
positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member, plastically, 
deforming and radially expanding the second tubular member to a third outside 
diameter, and plastically deforming and radially expanding the second tubular 
member to a fourdi outside diameter. The inside diameters of the first and second 
. tubular members after the plastic deformations and radial expansions are 
substantially equal, and wh^ein the ratio of flie original outside diameter ODq of the 
first tubular member to the original wall thickness to of the first tubular member is 
greater than or equal to 1 6. 

An apparatus has also been described that includes a plastically deformed and 
radially expanded tubular member having a first portion having a first outside 
diameter and a remaining portion having a second outside diameter, wherein the 
ratio of the original outside diameter ODo of the first tubular member to the original 
wall thickness to of the first tubular member is greater than or equal to 16 . 

An apparatus has also been described that includes a plastically deformed and 
radially expanded first tubular member having a first portion having a first outside 
diameter and a remaining portion having a second outside diameter, and a plastically 
deformed and radially expanded second tubular member coupled to the fu^t portion 
of the first tubular member. The ratio of the original outside diarheter ODq of the 
first tubular member to thie original wall tiiickness to of the first tubular member is 
greater than or equal to 16. In a preferred embodiment, the inside diameters of the 
first and second tubular members are substantially equal. 

A wellbore casing formed in a wellbore has also been described that includes 
a plastically deformed and radially expanded first tubular member having a first 
portion having a first outside diameter and a remaining portion having a second 
outside diameter, and a plastically deformed and radially expanded second tubular 
member coupled to the first portion of flie first tubular member. The ratio of the 
original outside diameter ODq of the first tubular member to the original wall 
thickness to of the first tubular member is greater than or equal to 16. In a preferred 
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embodiment, the inside diameters of the first and second tubular members are 
substantially equal. 

An apparatus has also been described that includes a plastically deformed and 
radially expanded tubular member. In a preferred embodiment, the ratio of the 
original outside diameter OD© of the tubular member to the original wall thickness to 
of the tubular member is greater than or equal to 1 6. 

In several altemative embodiments, the methods and apparatus described and 
referenced above may be used to form or repair wellbore casings, pipelines, and 
structural supports. 

Although this detailed description has shown and described illustrative 
embodiments of the invention, this description contemplates a wide range of 
modifications, changes, and substitutions. In some instances, one may employ some 
features of the present invention witiiout a corresponding use of the other features. 
Accordingly, it is appropriate that readers should construe the appended claims 
broadly, and in a manner consistent wifli the scope of the invention. 
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Claims 

What is claimed is: 

1 . A method of plastically deforming and radially expanding a tubular member, 
5 comprising: 

plastically defonning and radially expanding a portion of the tubular member 
to a first outside diameter con^rising applying a radial force to the portion of the 
tubular member using a conical sleeve; and 

plastically deforming and radially expanding another portion of the tubular 
10 member to a second outside diameter; 

wherein the conical sleeve is frangible. 

Z A method ofplastically deforming and radially expanding a tubular member, . 
con^rising: . 

15 plastically deforming and radially expanding a portion of the tubular member 

to a first outside diameter comprising applying a radial force to the portion of the 
tubular member using a conical sleeve; and 

plastically deforming and radially expanding another portion of the tubular 
member to a second outside diameter; 

20 wherein the conical sleeve is elastic. 

3, A method ofplastically deforming and radially expanding a tubular member, 
conqmsing: 

plastically deforming and radially expanding a portion of the tubular member 
25 to a first outside diameter coii5)rising applying a radial force to the portion of the 
tubular member using a conical sleeve; and 

plastically defonning and radially expanding another portion of the tubular 
member to a second outside diameter; 

wherdn the conical sleeve comprises a plurality of arcuate elements. 
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4. A method of plastically deforming and radially expanding a tubular member, 
con9)iising: 

plastically deforming and radially expanding a portion of the tubular member 
to a first outside diametCT; and 
5 plastically deforming and radially expanding another portion of the tubular 

member to a second outside diametei^ 

wherein plastically deforming and radially expanding the portion of the tubular 
member comprises: 

applying a radial force to the portion of the tubular member using an inflatable 
10 bladder 

5. The method of claim 4, wherein plastically deforming and radially expanding 
the portion of the tubular member comprises: 

applying a radial force to the portion of the tubular member using a roller 
15 expansion device. • 

6. A mediod of coupling a first tubular member to a second tubular member, 
conq)iising: 

plastically deforming and radially expanding a first portion of the first tubular 
20 member to a first outside diameter; 

plastically deforming and radially expanding another portion of the first 
tubular member to a second outside diameter; 

positioning the second tubular member inside the first tubular member in 
overlying relation to the first portion of the first tubular member; 
25 plastically deforming and radially expanding the second tubular member to a 

third outside diameter; and 

plastically deforming and radially expanding the second tubular member to a 
fourth outside diameter, 

wherein the inside diameters of the first and second tubular members after 
30 the plastic deformations and radial expansions are substantially equal. 
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7. The method of claim 6, wherein the first outside diameter is greater than the 
second outside diameter. 

8. The method of claim 6, wherein plastically deforming and radially ejqpanding 
the first portion of the first tubular member con^Mises: 

applying a radial force to the portion of the tubular member using a conical 

sleeve. 

9. ; The method of claim 8, wherein the conical sleeve is fi*angible.. 

1 0. The method of claim 8, wherein the conical sleeve is elastic. 

1 1 . The method of claim 8, wherein the conical sleeve comprises a plurality of 
arcuate elements. 

12. The method of claim 6, wherein plastically deforming and radially expanding 
the first portion of the first tubular member conq)nses: 

jqjplyihg a radial force to the first portion of the first tubular member using 
an inflatable bladder. 

13. The method of claim 6, \v4iercin plastically deforming and radially expanding 
the first portion of the first tubular member conq)rises: 

applying a radial force to the first portion of the first tubular member using a 
roll^ expansion^vice. 

14. An apparatus for coupling a first tubular member to a second tubular member, 
comprising: 

means for plastically deforming and radially expanding a first portion of die 
first tubular member .to a first outside diameter, 

means for plastically deforming and radially expanding another portion of the 
first tubular member to a second outside diameter, 



69 



means for positioning the second tubular member inside the first tubular 
member in overlapping relation to the first portion of the first tubular member, 

means for plastically deforming and radially expanding the second tubular 
member to a third outside diameter; and 
5 means for plastically deforming and radially expanding the second tubular 

member to a fourth outside diameter; 

wherein the inside diameters of the first and second tubular rnembers after 
the plastic deforafiations and radial expansions are substantially equal. 

10 15. The apparatus of claim 14, wherein the first outside diameter is greater than 
the second outside diameter. 

1 6. The apparatus of claim 14, wherein the means for plasticdly deforming and ■ 
radially expanding the first portion of the first tubular member concqprises: 

1 5 means for applying a radial force to the portion of the tubular member using 

a conical sleeve. 

1 7. The apparatus of claim 16, Tsdiercin the conical sleeve is frangible. 

20 18. The apparatus of claim 16, wherein the conical sleeve is elastic. 

19. The apparatus of claim 1 6, wherein the conical sleeye coniprises a plurality of 
arcuate elements. 

25 20. The apparatus of claim 14, wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member conpises: 

means for flying a radial force to the first portion of flie first tubular 
member using an inflatable bladder. . 

30 21. The apparatus of claim 1 4, wherein flie means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises: 
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means for applying a radial force to the first portion of (he first tubular 
member using a roller expansion device. 

22. A method of forming a mono-diameter wellbore casing within a wellbore, 
comprising: 

supporting a first tubular member within the wellbore; 

plastically deforming and radially expanding a first portion of the first tubular 
member to a first outside diameter, 

plastically deforming and radially expanding another portion of the first 
tubular member to a second outside diameter; 

positioning the second tubular member inside the first tubular member m 
overlapping relation to the first portion of the first tubular member; 

plastically deforming and radially expanding the second tubular member to a 
third outside diameter; and 

plastically deformmg and radially expanding the second tubular member to a 
fourth outside diameter; 

wherein the inside diameters of the first and second tubular members after 
the plastic deformations and radial expansions are substantially equal. 

23. The method of claim 22, wherein the first outside diameter is greater than the 
second outside diameter. 

24. The method of claim 22 , wherein plastically deforming and radially expanding 
tiie first portion of the first tubular meniber con^rises: 

applying a radial force to the portion of the tubular member using a conical 

sleeve. 

25. The method of claim 22, wherein the conical sleeve is frangible. 

26. The method ofclaim 22, wherein the conical sleeve is elastic. - 
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27. The method of claim 22, wherein the conical sleeve comprises a plurality of 
arcuate elements. 

28. The me&od of claim 22, wherein plastically deforming and radially expanding 
5 the first portion of the first tubular member conq)rises: 

a]3plying a radial force to the first portion of the first tubular member using 
an inflatable bladder. 

29. The method of claim 22, wherein plastically deforming and radially expanding 
10 the first portion of (he first tubular member conqnrises: 

applying a radial force to the first portion of the first tubular member using a 
roller expansion device. 

30. The method of claim 22, furthler conq>rising: 

1 5 injecting an annular body of a hardenable fluidic sealing material into ah 

annulus between die first tubular member and the wellbore. 

3 1 . The method of claim 30, further conq^rising: 

curing the annular body of hardenable fluidic sealing material. 
20 . , 

32. The method of claim 22, fiirther comprising: 

injecting an annular body of a hardenable fluidic sealing material into an 
annulus between the second tubular member and flie wellbore. 

25 33. The method of claim 32, further comprising: 

curing the annular body of hardenable fluidic sealing material. 

34. A method of coupling a first tubular member to a second tubular member, the 
first tubular member having an original outside diameter ODo and an original wall 
30 thickness to, conq>rising: 
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plastically deforming and radially expanding a first portion of the first tubular 
member to a first outside diameter, 

plastically deforming and radially expanding another portion of the first 
tubular member to a second outside diameter; 

positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member; 

plastically deforming and radially expanding the second tubular member to a 
third outside diameter; and 

plastically deforming and radially expanding the second tubular member to a 
. fourth outside diameter; 

wherein the inside diameters of the first and second tubular members after 
the plastic deformations and radial expansions are substantially equal; and 

wherein the ratio of the original outside diameter ODo of the first Uibular 
member to the original wall thicloiess to of the first tubular member is greater than or 
equal to 16. 

35. A method of forming a mono-diameter wellbore casing, comprising: 

positioning a first tubularmember within a wellbore, the first tubular member 
having an original outside diameter ODq and an original wall thickness to; 

plastically deforming and radially expanding a first portion of the first tubular 
member to a first outside diameter, 

plastically deforming and radially expanding another portion of the first 
tubular member to a second outside diameter; 

ipositioning the second tubular member inside the first tubular member in 
overlapping relation to the first portiQn of the first tubular member; 

plastically deforming and radially expanding the second tubular member to a 
third outside diameter; and 

plastically deforming and radially expanding the second tubular member to a 
fourth outside diameter; 

' wherein the inside diameters of tiie first and seccmd tubular members after 
the plastic deformations and radial expansions are substantially equal; and 
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wherein the ratio of the original outside diameter ODq of the first tubular 
member to the original wall thickness to of the-first tubular member is greater than or 
equal to 16. . 

36. An apparatus, comprising: 

a plastically deformed and radially expanded tubular member having a first 
portion having a first outside diameter and a remaining portion having a second 
outside diameter, 

wherein the ratio of the original outside diameter ODq of the first tubular 
member to the original wall thickness to of the first tubular member is greater than or 
equal to 16. 

37. An apparatus, comprising: 

a plastically deformed and radially expanded first tubular member having a 
first portion having a first outside diameter and a remaining portion having a second , 
outside diameter; and 

a plastically deformed and radially expanded second tubular member coq^led 
to the first portion of the first tubular member; 

wherein the ratio of the original outside diameter ODq of the first tubular 
member to the original wall thickness to of the first tubular member is greater than or 
equal to 16. 

38. The apparatus of claim 37, wherein the inside diameters of the first and second 
tubular membm are substantially equal. 

39. A wellbore casing formed in a wellbore, comprising: 

a plastically deformed and radially expanded first tubular member having a 
first portion having a first outside diameter and a remaining portion having a second 
outside diameter, and 

a plastically deformed and radially expanded second tubular member coupled 
to the fu-st portion of the first tubular member; 
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wherein the ratio of the original outside diameter ODo of the fiist tubular 
member to the original wall thickness to of the first tubular member is greater than or 
equal to 16. 

40. The casmg of claim 39, wherein the inside diameters of the first and second 
tubular members are substantially equal. 
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1 . An apparatus for plastically deforming and radially expanding a tubular 
member, comprising: 

means for plastically deforming and radially expanding a first portion of the 
tubular member to a first outside diameter; and 

means for plastically deforming and radially expanding a second portion of the 
tubular member to a second outside diameter. 

2. The apparatus of claim 1 , wherein the first outside diameter is greater than the 
second outside diameter. 

3. The apparatus of claim I , wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside 

• diameter is temovablfc. 

4. The apparatus of claim 1 , wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside 
diameter is firangible. 

5. the apparatus of claim 1 , wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside 
diameter is elastic. 

6. The spparatus of claim 1 , wherein the means for plastically deforming and 
radially expandmg flic first portion of the tubular member to flie first outside, 
diameter con^rises n«ans for applying a radial force to flie first poirtion of die 
tubular member. 

• 7. TThe apparatus of claim 1 , wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the fu^ outside 
diameter is inflatable. 
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8. The apparatus of claim 1. whctein the means for plastically deforming and 
radially expanding the first portion of the tubular member to' the first outside 
diameter includes rolling means for applying radial pressure to the first portion of 
the tubular member 

9. An apparatus for plasticaUy deforming and radially expanding a tabular 
member, con^rising: . - • 

a tubular support member including a first fluid passage; 

an expansion cone coupled to the tubular support member having a second 
fluid passage fluidicly coupled to the first fluid passage and an outer conical surface; 

a removable annular conical sleeve coupled to the outer conical surface of the 
expansion cone; 

an annular expansion cone launcher coupled to the conical sleeve and a lower 
portion of the tubular member; and 

a shoe having a valveable passage coi5)led to an end of the expansion cone 
launcher. 

1 0. The apparatus of claim 9, wherein the conical sleeve is firangible. 

1 1 . The apparatus of claim 9; wherein the conical sleeve is elastic, 

12. The apparatus of claim 9, wherein the conical sleeve comprises a plurality of 
arcuate elements. - 

13. A method of plastically deforming and radially expanding a tubular member, 
comprising: 

plastically deforming and radially expanding a portion of the tubular member 
to a first outside diameter; and . ■ ^ 

plastically deforming and radially expanding anothw portion of the tubular 
member to a second outside diameter. 
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14. The method of claim 1 3, wherein the first diameter is greater than the second 
diameter. • 

5 15. The method of claim 13, wherein plastically deforming and radially expanding 
the portion pf the tubular member comprises: 

applying a radial force to the portion of the tubular member using a conical 
sleeve. 

10 16. The method of claim 15, wherein the conical sleeve is frangible. 

1 7. The method of claim 1 5 , wherein the conical sleeve is elastic. 

. 1?. The method of claim 15, wherein the conical sleeve comprises a plurality of 
15 arcuate elements. 

19. The method of claim 13, wherein plastically deforming and radially expanding 
the portion.of the tubular member comprises: 

applying a radial force to the portion of the tubular member using an inflatable 
20 bladder. 

20. The metiiod of claim 13, wherein plastically deforming and radially expanding 
the portion of the tubular member comprises: 

q)plying a radial force to the portion of the tubular member using a roller 
25 expansion device. 

21. A mefliod of coupling a first tubular mend^er to a second tubular member, 
comprising: . ; 

plastically deforming and radially expanding a first portion of the first tubular 
30 member to a first outside diameter, 
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plastically defonning and radially expanding another port^ 
tubular member to a second outside diameter; 

positioning the second tubular member inside flie iSrst tubular member in 
overlapping relation to the &st portion of the first tubular memben 

5 plastically deforming and radially expanding the second tubular membCT to 

third outside diameter; and 

plastically deforming and radially expanding the second tubular memb«- to a 

fourth outside diameter, 

wherein the inside diameters of the first and second tubular members after Ae 

1 0 plastic deformations and radial expansions are substantially equal. 

22. The method of claim 2 1 , wherein the first outside diameter is greater than the 
second outside diameter. 



15 23 . The method of claim 2 1 , wherein plastically deforming and radially expanding 
the first portion of the first tubular member comprises: 

qjplying a radial force to tHe portion of the tubular meniber using a conical 
sleeve. 

20 24. The method of claim 23, wterein the conical sleeve is frangible. 
25 . The method of claim 23, wherein the conical sleeve is elastic. 

26. The method of claim 23, wherein the conical sleeve comprises a plurality of 
25 arcuate elenrats. 

27. The method of clahn 2 1 , wherein plastically deforming and radially expanding 
the first portion of the first tubular member comprises: 

applying a radial force to the first portion of the first tubular member using an 
30 inflatable bladder. 
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.28. The method of claim 2 1 , wherein plastically deforming and radially e^q^anding 
- the first portion of the first tubular member conq)rises: 

applying a radial force to the first portion of the.&st tubular member using a 
roller expansion device. 

5 

29. An apparatus for coupling a first tubular member to a second tubular member, 
con^msing: 

means for plastically deforming and radially expanding a fir^ portion of the 
first tubular member to a first outside diameter; 
10 means for plastically deforming and radially expanding another portion of the 

first tubular member to a second outside diameten 

means for positioning the second tubular member inside the first tubular 
member in overlapping relation to the first portion of the first tubular member; 

means for plastically deforining and radially expanding the second tubular 
15 member to a third outside diameter, and 

means for plastically deforming and radially expanding the second tubular 
member to a fourth outside diameter; 

wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 

20 

30. The apparatus of claim 29, wherem the first outside diameter is greater tfian 
the second outside diameter. 

31. The apparatus of claim 29, wherein the means for plastically deforming and 
25 radially expanding the first portion of the first tubular member conq>rises: 

means for applying a radial force to the portion of die tubular member using a 
conical sleeve. 

32. The apparatus of claim 3 1, wherein the conical sleeve is firangible. 

30 

33. The apparatus of claim 3 1 , wherein the conical sleeve is elastic. 
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34. The apparatus of claim 31, wherein the conical sleeve comprises a plurality of 
arcuate elements. 



5 35. The apparatus ofclaim 29. wherein the means for plastically defornm 
radiaUy expanding the first portion of the first tubular member conpriscs: 

means for applying a radial force to the first portion of the first tubular 
member using an inflatable bladder. 

10 36. The apparatus ofddm 29, wherein the means for plasticaUy deforming and 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the first portion of the first tubular 
member using a roller expansion device, 

15 37, An apparatus for forming a wellbore casing within a weIlbore,conq)rism^^ 
means for supporting a tubular member within the weilbore; 
means for plastically deforming and radially expanding a first portion of the 
tubular member to a first outside diameter; and 

means for plastically deforming and radially expanding a second portion of the 

20 tubular member to a second outside diameter. 

38. The apparatus of claim 37, wherein the first outside diameter is greater than 
the second outside diameter. 

25 39. The apparatus ofclaim 37, wherein the means for plasticaUy deforming a^^ 
radially expanding the first portion of the tubular member to the fu^ outside 
diameter is removable. 

40. The apparatus of claim 37, wherein the means for plastically deforming and 
30 radiaUy expanding the first portion of the tubular member to the first outside 
diameter is fitmgible. 
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4 1 . The apparatus of claim 37, wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside 
diameter is elastic. 

5 

42. The apparatus of claim 37, wherein flie means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside 
diameter comprises means for applying a radial force to the first portion of the 
tubular member. 

10 

43. The apparatus of claim 37, wherein the means for plastically deformiiig and 
radially expanding the first portion of the tubular member to the first outside 
diameter is inflatable. 

1 5 44. The apparatus of claim 37, wherein the means for plastically deforming and 
radially expanding the first portion of the tubidar member to the first outside 
diameter conqnises rolling means for applying radial pressure to the first portion of 
the tubular member. 

20 45. The apparatus of claim 37, fiirther comprising: 

means for forming an annular body of a fluidic sealing material within an 
annulus between the tubular member and ttie wellbore. 

46. An apparatus for forming a wellbore casing within a wellbore, conpising: 
25 a tubular sui>port member incliiding a first fluid passage; 

an expansion cone coupled to the tubular support member having a second 
fluid passage fiuidicly coupled to the first fluid passage and an outer conical surface; 

a removable annular conical sleeve coupled to the outer conical surface of the 
expansion cone; 

30 an annular expansion cone laimcher coiq}led to the conical sleeve and a lower 

portion of the tubular member; and 
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a shoe having a valveable passage coupled to an end of the expansion cone 
launcher. 



47. The apparatus of claim 46, wherein the conical sleeve is frangible 

5 

48. The apparatus of claim 46, wherein the conical sleeve is elastic. 



49. The apparatus of claim 46. wherein the conical sleeve comprises a plurality of 
arcuate elements. 

10 

50. A method of jforming a wellbore casing within a wellbore,conq)rism^^^ 
supporting a tubular member within a wellboie; 

plastically deforming and radially expanding a portion of the tubular member 
to a first outside diameter; and 
15 plastically deforming and radially expanding another portion of the tubular • 

• member to a second outside diameter. 

51 . The method of claim 50, wherein the first diameter is greater than the second 
diameter. 

20 

52. Themethod of claim 50, wherein plasticaUy deforming and radially expanding 
the portion of the tubular member comprises: 

applying a radial force to the portion of the tubular member using a conical 
sleeve. 

25 

53. The method of claim 50, wherein the conical sleeve is frangible. 

54. The method of claim 50, wherein the conical sleeve is elastic. 

30 55. The method of claim 50, wherein the conical sleeve comprises a plurality of 
arcuate elements. 
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56. The method of claim 50, wherein plastically deforming and radially expanding 
the portion of the tubular member comprises: 

applying a radial force to the portion of the tubular member using an inflatable 
5 bladder. 

57. The method of claim 50, wherein plastically deforming and radially expanding 
the portion of the tubular member comprises: 

appl3ang a radial force to the portion of the tubular member using a roller 
10 expansion disvice. 

58, The method of claim 50, further comprising: 

. injecting an annular body of a hardenable fluidic sealing material into an 
annulus between the tubular member and the wcllbore. 

15 . - . 

59, The method of claim 58, further comprising: 

curing the annular body of hardenable fluidic scaling material. 

.60. A method of forming a mono-diameter wellbore casing within a wellbore, 
20 comprising: 

supporting a first tubular member within the wellbore; 

plastically deforming and radially expanding a first portion of the fest tubular 
msmber to a first outside diameter; 

plastically deforming and radially ejqjandirig another portion of the first 
25. - tubular .member to a second outside diameter, 

positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member, 

plastically deforming and radially expanding the second tubular member to a 
third outside diameter; and . 
30 plastically deforming and radially expanding the second tubular niember to a 

fourth outside diameter. 
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wherein the uiside diameters of the first and second tubular members after the 
plastic deformations.and radial expansions are substantially equal. 



61. The method of claim 60, wherein the first outside diameteris greater than the 
5 second outside diameter. 

62. The method of claim 60, wherein plasticaUy defomiing and radially expanding 
the first portion of the first tubular member comprises: 

applying a radial force to the portion of the tubulai: member usmg a conical 
10 sleeve. 

63. The method of claim 62, wherein the conical sleeve is j&angible. 
• 64: The method ofclaim 62, wherein the conical sleeve is elastic. 

15 

65. The method of claim 62, wherein the conical sleeve con5)rises a plurality of 
arcuate elements. 

66. The method ofclaim 60, wherein plastically deforming and radially expanding 
20 the first portion of the first tubular member comprises: 

applying a radial force to the first portion of the first tubular member using an 
inflatable bladder. 

67. The method of claim 60, wherein plastically deforming and radially expanding 
25 the first portion of the first tubular member comprises: 

applying a radial force to the first portion of the first tubular member using a 
roUer expansion device. 

68. The method of claini 60, fijTther congnising: 

30 • injecting an annular body of a"hardenable fluidic sealing mat^al into an 
annulus between the first tubular member and the wellbord 
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69. 



The method of claim 68, further cotq)risiDg:- 
cunng the annular body of hardenable fluidic sealing material. 



The method of claim 60, further comprising: 
injecting an annular body of a hardenable fluidic sealing material into an 
annulus between the second tubular member and the wellbore. 

The method of claim 70, further comprising: 
curing the annular body of hardenable fluidic . sealing material. 

An apparatus for coupling a first tubular member to a second tubular member, 
comprising: 

means for plastically deforming and radially expanding a first portion of the 
15 first tubular member to a first outside diameter, 

means for plastically deforming and radially expanding another portion of the 
first tubular member to a second outside diameter; ' - 

means for positioning the second tubular member inside the first tubular 
member in overlapping relation to the first portion of the first tubular member; 
20 means for plastically deforming and radially expanding the second tubular 

member to a third outside diameten and 

means for plastically deforming and radially expanding the second tubular 
memb^ to a fourth outside diameter; 

wherein Ae inside diametois of the first and second tubular members after the 
. 25 plastic deformations and radial expansions are substantially eqiiaL 

73. The ^paratus of claim 72, wherein the first outside diameter is greater than 
the second outside diameter. 

30 74. The apparatus of claim 72, wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular memb^ con^rises: 



5 70. 



71. 



10 



72. 
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means for applying a radial force to the portion of the tubular member 
conical sleeve.' 



75. The apparatus of claim 74, vs^erein the conical sleeve is frangible. 
76: The apparatus of claim 74, wherein ttie conical sleeve is elastic. 

77. The apparatus of claim 74, wherein the conical sleeve conqMises a plurality of 
arcuate elements. 

78. The apparatus of claim 72, wherein the means for plastically deforming and 
radially expanding the first portion of the fim tubular member comprises: 

means for applying a radial force to the first portion of the first tubular 
member using an inflatable bladder. 

79. The apparatus of claim 72, wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the first portion of the first tubular 
member using a roller expansion device. 

80. The apparatus of claim 72v further comprising: 

means for injecting an annular body of a hardenable fluidic sealing material 
into an annulus between the first tubular member and the wellbore. 

81,. the apparatus of claim 80, fiirther comprising: 

means for curing the annular body of hardenable fluidic seaUng material. 

82. The apparatus of claim 72, further comprising: . 

means for injecting an annular body of a hardenable fluidic sealing material 
into an annulus between the second tubular member and the wellbore. 
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83. 



. The apparatus of claim 82, further coriiprising: 

means for curing the amiular body of hardenable fluidic sealing material. 



84. An apparatus for plastically deforming and radially expanding a tubular 
5 member, comprising: 

means for providing a lipped portion in a portion of the tubular member; and 
means for plastically deforming and radially expanding another portion of the 

tubular member. 

10 85. An apparatus for plastically deforming and radially expanding a tubular 
member, comprising: 

a tubular support member including a first fluid passage; 
an expansion cone coupled to the tubular support member haying a second 
- fluid passage fluidicly coupled to the first fluid passage and an outer conical surface; 
15 an annular expansion cone launcher conqmsing: 

a first annular portion coiipled to a lower portion of the tubular member; 
a second annular portion coupled to the first annular portion that mates wiA 
the outer conical sur&ce of the expansion cone; 

a third annular portion coupled to the second annular portion having a. first 
20 outside diameter; and* 

a fourth annular portion coupled to the third annular portion having a second 
outside diameter, 

wherein the second outside diameter is Ibss than the first outside diameter^ and 
a shoe having a valveable passage coupled to fourth annular portion of the 
25 expansion cone laundhen 

86. A method of plastically deforming and radially expanding a tubular member, 
conqnising: 

providing a lipped portion in a portion of the tubular member; and 
30 . plastically deforming and radially expanding another portion of the tubular 

member. 
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87. A method ofcoupling a first tubular memlw to a seamdmbu^^ 
comprising: 

providing a lipped portion in a portion of the first tubular member, 
plastically deforming and radially expanding another portion of the first 
tubular member 

positioning the second tubular member inside the firet tubular member in 
overlapping relation to the lipped portion of the first tobular member, and 

plastically deforming and radially expanding the second tubular member; 

wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 

88. An apparatus for coupling a first tubular memberto a second tubular member, 
conpising: 

means for providing a lipped portion in the first tubular member; * 

means for plastically deforming and radially expanding another portion of the 

first tubular member; 

means for positioning the second tubular member inside the first tubular. 

member in overlapping relation to the lipped portion of the first tubular member; 

and 

means for plastically deforming and radially expanding the second tubular 
member; 

wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 

89. An apparatus for forming a wellbore casing within a wellbore, comprising: 
means for siq)porting a tubular member within the wellbore; 
means for providing a lipped portion in the tubular member; and 
means for plastically deforming and radially expanding another portion of the 

tubular member to a second outside diameter. 
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90. An apparatus for forming a wellbore casing within a wellbore, comprising: 
a tubular support member including a first fluid passage; 

an expansion cone coupled to the tubular support member having a second 
fluid passage fluidicly coupled to the first fluid passage and an outer conical surface; 
5 an annular expansion cone launcher con^rising: 

a first annular portion coupled to a lower portion of the tubular member; 

a second annular portion coupled to the first annular portion that mates with 
the outer conical surface of the expansion cone; 

a third annular portion cpupled to the second annular portion having a first 
10 outside diameter; and 

a fourth annular portion coupled to the third annular portion having a second 
outside diameter; 

wherein the second outside diameter is less than the first outside diameter; and 
a shoe having a valveable passage coupled to fourth annular portion of the . 
15 expansion cone launcher. 

91. A method of forming a wellbore casing in a wellbore, comprising: 
supporting a tubular member within the wellbore; 

providing a lipped portion in a portion of the tubular memben and 
20 plastically deforming and radially expanding another portion of the tubular 

member. 

I 

92. The method of claim* 91, further comprising: 

injecting a hardenable fluidic sealing matmal in an annulus between the 
25 tubular member and the wellbore. 

93. The method of claim 92, further comprising: 
curing the fluidic sealing material. 

30 94. A method of forming a mono^diameter wellbore casing within a wellbore, 
comprising: 
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supporting a fu^ tubular member within the wellbore; 
providing a lipped portion in a portion of the first tubular member; 
plastically deforming and radially expanding another portion of the first 
tubular member^ 

positioning the second tubular member inside the first tubular member in 
overlapping relation to the lipped portion of the first tubular member, and 

plastically deforming and radially expanding the second tubular member; 

wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 

95- The method of claim 94, fiirther con:q}rising: 

injectmg a hardenable fluidic sealing material in an annulus between the first 
tubular member and the wellbore. 

96. The method of claim 95, further comprising: 
curing the fluidic sealing material. 

97. The method of claim 94, further comprising: 

injecting a hai*denable fluidic sealing material in an annulus between the 
second tubular member and the wellbore. 

98. The method of claim 97, further comprising: 
curing the fluidic sealing material. 

99. An apparatus for forming a mono-diameter wellbore casing within a wellbore, 
comprising: 

means for providing a lipped in the first tubular member; 
means for plastically deforming and radially expanding another portion of the 
first tubular memhjer; 
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means for positioning the second tubular member inside the first tubular 
member in overlapping relation to the lipped portion of the first tubular member; 
and 

means for plastically deforming and radially expanding the second tubular 
5 . member; 

wherein the inside diameters of the first and second tubular members after the 
. plastic deformations and radial expansions are substantially equal. 

100. The apparatus of claim 99, further comprising: 

1 0 means for injecting a hardenable fluidic sealing material in an annulus between 

the first tubular member and the wellbore. 

101. The apparatus ofclaith 100, further comprising: 
means for curing die fluidic sealing material. 

15 - 

102. The apparatus ofclaim 99, further comprising: 

- means for injecting a hardenable fluidic sealing material in an annulus between 
the second tubular member and the wellbore. 

20 103. The apparatus ofclaim 102, fijrtherconqmsing: 
means for curing die fluidic sealing material. 

104. An apparatus for plastically deforming and radially expanding a tubular 
member, comprising: 

25 means for plastically deforming and radially expanding a first end of the 

tubular member; and 

means for plastically deforming and radially expanding a second end of die 
tubular member. 

30 105. The apparatus ofclaim 104, further con^rising: 

means for anchoring the tubular member during the radial expansion. 
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106. An apparatus for plastically defpnning and radially 
member, comprising: 

a tubular support member including.a first passage; 
5 an expansion cone coupled to the tubular support having a second passage 

fluidicly coupled to flie first passage and an outer conical surface; 

an annular expansion cone launcher movably coupled to outer conical surface 
of the expansion cone; 

an expandable tubular member coupled to an end of the annular expansion 
10 cone launcher; 

a shoe coupled to another end of the aimular expansion cone launcher having a 
valveable fluid passage; and. 

another annular expansion cone movably coupled to the tubular support 
member; 

1 5 wherein the annular exipansion cones are positioned in opposite orientatioiis. 

107. The apparatus of claim 106, wherein the annular expansion cone is adapted to 
plastically deform and radially expand a first end of the expandable tubular member 
and the other aimular expansion cone is adapted to plastically deform and radially 

20 expand a second end of the expandable tubular member. 

108. Theapparatusofclaim 106, further con^rising:' 

an anchoring member coupled to the tubular support member adapted to hold 
the e:q)andable tubular. 

25 

109. A method of plastically deforming and radially expanding a tubular member, 
conq}rising: 

plastically deforming and radially expanding a first end of the tubular member, 

and 

30 plastically deforming.and radially expanding a second end of the tubular 

member. 
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1 10. The method of claim 109, further comprising: 

anchoring the tubular member during the radial expansion. 

5 111. The method of claim 109, wherein the first end of the Uibular member is 
plastically deformed and radially expanded before the second end. 

1 12. The method of claim 109, plastically deforining and radially expanding tiie 
second end of the tubular member comprises injecting a fluidic material into the 

10 tubular member. 

1 13. A method of coupling a first tubular member to a second tubular member, 
comprising: 

positioning the second tubular member inside the first tubular member in an 
15 overlapping relationship; 

plastically deforming and radially expanding the end of &e second tubular 
member that overlaps with the first tubule memben 

plastically deforming and radially expanding the remaining portion of the 
second tubular member. 
20 . 

1 14. The method of claim 113, further con^irising: 

plastically deforming and radially expanding at least a poirtion of the second 
tubular member. 

25 1 IS. The method of claim 1 14, wherein the inside diameters of the first and second 
tubular members are substantially equal aft^ the radial expansions. 

116. Ahappanitusfor coupling a first tubular member to a second tubular member, 
conprising: 

30 means far positioning flie second tubular member inside the first tubular 

member in an overlapping relationship; 
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means far plastically defonning and radially expanding the end of the second 
tubular member that overlaps with the first tubular member; 

means for plastically deforming and radially expanding the remaining portion 
of the second tubular member. 

5 

1 17. The apparatus of claim 1 16, further comprising: 

means for plastically deforming and radially expanding at least a portion of the 
second tubular member. 

10 118. The apparatus of claim 1 1 7, wherein the inside diameters of the first and 
second tubular members are substantially equal after the radial expansions. 

1 19. An apparatus for forming a wellbore casing within a wellbore, con5)rising: 
means for supporting a tubular member within the wellbore; 
1 5 means for plastically deforming and radially expanding a first end of the 

tubular member, and 

means for plastically deforming and radially expanding a second end of the 

tubular member. 

20 120. The apparatus of claim 1 19, further conqjrising: 

means for anchoring the tubular member during the radial expansion. 

121. The qjparatus of claim 119, further comprising: 

means for injecting a hardmable fiuidic sealing material mto an annulus 
25 between die tubular member and the wellbore. 

1 22. An apparatus for forming a wellbore casing wiAin a wellbore, con:q)rising: . 
a tubular support member including a first passage; 

an expansion cone coupled to the tubular support having a second passage 
30 fluidiclycouplcki to the first passage and an outer conical surface; 
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an aimular expansion cone launcher movably coupled to outer conical surface 
of the expansion cone; 

an expandable tubular member coupled to an end of the annular expansion 
cone launcher; 

a shoe coupled to another end of the annular expansion cone launcher having a 
valveable fluid passage; and 

another annular expansion cone movably coupled to the tubular support 
member; 

wherein the annular expansion cones are positioned in opposite orientations, 

123. The apparatus of claim 122, wherein the annular expansion cone is adapted to 
plastically deform and radially expand a fir$t end of the expandable tubular member 
and the other annular expansion cone is adapted to plastically deform and radially 
expand a second end of the expandable tubular member. 

124. The apparatus ofclaim 122, further comprising: 

an anchoring member coupled to the tubular support member adapted to hold 
the expandable tubidar. 

125. Amethod-of forming a wellbore casing within a wellbore, comprising: 
plastically deforming and radially expanding a first end of the tubular member; 

and 

plastically deforming and radially e;q>anding a second end of the tubidar 
member. 

126. The method of claim 125, further conq)rising: 
anchoring &e tubular member during the radial expansion. 

127. The method ofclaim 125, wherein the first end of the tubular member is 
plasticaUy defonned and radially e^qpanded before the second end. 
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128. The method of claim 125, plastically deforming arid radially expanding the 
second end of the tubular member conq>rises injecting a fluidic material into the 
tubular member. 

5 129. Themethodof claim 125, further conq>rising: 

injecting a hardenable fluidic sealing material into an annulus between the 
tubular member and the wellbore. 

130. A method of forming a wellbore casing within a wellbore, conq>rising: 

1 0 plastically deforming and radially expanding a first tubular member within the 

wellbore; 

positioning a second tubular member inside the first tubular member in an 
overlapping relationship; 

plastically deforming and radiajDy expanding the end of the second tubular 
15 member that overlaps with the first tubular member, 

plastically deforming and radially expanding the remaining portion of the 
second tubular member. 

131. The method of claim 1 30, further comprising: 

20 plastically deforming and radially expanding at least a portion of the second 

tubular member. 

1 32. The method of claim 131, wherein the inside diameters of the first and second 
tubular members are substantially equal after the radial expansions. 

25 

133. The method of claim 130, further conq}rising: 

injecting a hardenable fluidic sealing material into an annulus between the first 
tubular member and the wellbore. 

30 134. Themethodof claim 130, further comprising: 
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injecting a hardenable fluidic sealing material into an annulus between the 
second tubular member and the wellbore. 

1 35. An apparatus for forming a wellbore casing within a wellbore, con^rising: 

5 means for plastically deforming and radially expanding a first tubular member 

within the wellbore; 

means for positioning the second tubular member inside the first tubular 
member m an overlapping relationship; 

means for plastically defomiing and radially expanding the end of the second 
1 0 tubular member that overlaps with the first tubular member; 

means tor plastically deforming and radially expanding the remaining portion 
of the second tubular member, 

136. The apparatus ofclaim 135, further con^)rising: 

1 5 means for plastically defomiing and radially expanding at least a portion of the 

second tubular member. 

137. The ^paratus of claim 136, wherein the inside diameters of the first and 
second tubular members are substantially equal after the radial expansions. 

20 

138. The apparatus ofclaim 135, further comprising: 

means for injecting a hardoiable fluidic sealing material into an annulu$ • 
betwe^ the first tubular member and the wellbore. 

25 139. The S4)paratus ofclaim 135, fiirther comprising: 

means for injecting a hardeoable fluidic sealing material into an aimulus 
between the second tubular member and the wellbore. 

l40. An s^paratus for bridging an axial gap between opposing pairs of wellbore 
30 casing witfiin a wellbore, con?)rising: 
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means for supporting a tubular member in overlapping relation to the opposing 
. ends of the wellbore casings; 

means for plastically deforming and radially expanding the tubular member; 

and 

5 ineam for plastically deforniing and radiaUy expanding the tubdar member 

. and the opposing ends ofthe wellbore casings. 

141 . A method of bridging an axial gap between opposing pairs of wellbore casing 
-within a wellbore, comprising: 

1 0 siq)porting a tubular meniber in overlq>ping relation to the opposing ends of 

the wellbore casings; 

plastically deforming and radially expanding the tubular member; and 
plastically deforming and radially expanding the tubular member and the 
. opposing ends of the wellbore casings. 

IS 

142. A method of forming a stmcture having desired strength characteristics, 
com]»ising: 

providing a first tubular member, and 

plastically deforming and radially expanding additional tubular members onto 
20 the interior surface of the first tubular member until the desired strength 
characteristics are achieved. 

143. A method of forminjg a wellbore casing within a wellbore having desired 
strength characteristics, comprising: 

25 plastically deforming and radially expanding a first tubular member within the 

wellbore; and 

plastically deforming and radially expanding additional tubular members onto 
the interior surface of the first tubular member until the desired strength 
characteristics are achieved. 

30 
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144.. A method of cx)upling a first tubular member to a second tubular member, the 
first tubular member having an original outside diameter ODq and an original wall 
thickness to, con5)rising: 

plastically deforming and radially expanding a first portion of the first tubular 
5 member to a first outside diameter; 

plastically deforming and radially expanding another portion of the first 
tubular member to a second outside diameter, 

positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member; 
10 plastically deforming and radially expanding the second tubular member to a 

third outside diameter; and 

plastically deforming and radially expanding the secoiid tubulsu* member to a 
fourth outside diameter, 

wherein the inside diameters of the first and second tubular members after the 
15 plastic deformations and radial expansions are substantially equal; and 

wherein the ratio of the original outside diameter ODq of the first tubular 
member to the original wall diickness to of the first tubular member is greater than or 
equal to 16. . ' 

20 145. A method of forming a mono-diameter wellbore casing, con:5)rising: 

positioning a Sist tubular member widiin a wellbore, the first tubular member 
having an original outside diameter ODq and an original wall thickness ta; 

plastically deforming and radially expanding a first portion of the first tubular 
member to a first outside diameter 
25 plastically deforming and radially expanchng another portion of flie fiirst 

tubular member to a second outside diameter; 

positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member; 

plastically deforming and radially expanding tfie second tubular member to a 
30 third outside diameter; and 
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plastically defomuDg and radially expanding the second tubular memb^ to a - 
fourth outside diameter; . . 

wherein the inside diameters of the first and second tubular menfl)ers after the 
plastic deformations and radial expansions are substantially equal; and 
5 wherein the ratio of die original outside diameter ODq of the first tubular 

member to die original wall thickness to of the first tubular member is greater than or 
. equal to 16. 

146. An apparatus, comprising: 

10 a plastically deformed and radially expanded tubular member having a first 

portion having a first outside diameter and a remaining portion having a second 
outside diameter; 

wherein the ratio of the original outside diameter ODq of the first tubular 
member to the original wall thickness to of the first tubular member is greater than or 
15 equal to 16. 

147. An apparatus, comprising: 

a plastically deformed and radially expanded first tubular member having a 
- first portion having a first outside diameter and a remaining portion having a second 
20 outside diameter; and 

a plastically defomied and radially expanded second tubular member coupled 
to the first portion of the first tubular member; 

wherein the ratio of the original outside diameter ODq of the first tubular 
member to the original wall thickness to of the first tubular member is greater flian or 
25 equal to 16. 

148. The apparatus of claim 147, wherein the inside diameters of the first and 
second tubular members are substantially equal. 

30 149. A wellbore casing formed in a wellbore, comprising: 
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a plastically deformed and radially expanded first tubular member having a 
first portion having a first outside diameter and a remaining portion having a second 
outside diameter, and 

a plastically deformed and radially expanded second tubular member coupled 
5 to the first portion of the first tubular member; 

wherein the ratio of the original outside diameter ODq of Ae first tubular 
member to the original wall thickness to of the first tubular member is greater than or 
equal to 16. 

10 150. The casing of claim 149, wherein the inside diameters of the fu^t and second 
tubular members are substantially equal. 

151. An apparatus, comprising: 

a plastically deformed and radially expanded tubular member, 
15 wherein the ratio of the original outside diameter ODo of the tubular member 

to the original wall thickness to of the tubular member is greater than or equal to 16. 
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